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PCS f o e ta l  c a l f  s e r u m
T S B A  t r y p t i c a s e  s o y  b lo o d  a g a r
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L I S T  O F  T A B L E S
T a b l e  1. C h a r a c t e r i s t i c s  o f  Spirochaeta g e n e r a  as  l i s t e d  in  
B e r g e y s ’ M a n u a l  o f  S y s t e m a t i c  B a c t e r i o l o g y .
T a b l e  2 ,  F a t t y  a c id  c o m p o s i t i o n  a n d  m e ta b o l i s m  o f  t h e  c u l t i v a b l e  
g e n e r a  o f  t h e  Spirochaetalas o r d e r .
T a b l e  3 .  C o n c e n t r a t i o n  a n d  s o l u b i l i t i e s  o f  a n t i b i o t i c s  i n c o r p o ­
r a t e d  i n t o  c u l t u r e  m ed ia  f o r  i s o l a t i n g  r a t  G I T  s p i r o c h a e t e s .
T a b l e  4 .  S p i r o c h a e t e  s t r a i n s  i s o la t e d  in vitro in  a x e n i c  c u l t u r e -  
o r i g i n a l  i s o la t i o n  s i t e  a n d  g ros * .  m o r p h o l o g y  o f  each  i s o la t e .
T a b l e  5.  E f f e c t  o f  v a r i o u s  m o d i f i c a t i o n s  t o  b a s i c  L e m c k e  l i q u i d  
g r o w t h  m e d iu m  ( n o t  s u p p le m e n t e d  w i t h  0 5% y e a s t  e x t r a c t )  on  
g r o w t h  o f  i s o la t e  0 2 9 .
T a b l e  6 . M o r p h o lo g i c a l  c h a r a c t e r i s t i c s  o f  m u l t i f i b r i l l a l  
s p i r o c h a e t e  ( i s o l a t e  D 2 9 )  a t  v a r i o u s  s t a g e s  c f  t h e  g r o w t h  c u r v e .
T a b l e  7.  B io c h e m ic a l  p r o f i l e s  o f  s p i r o c h a e t e  T 9  i s o la t e d  f r o m  
r a t  c a e c u m ,  T. innocens ( A T C C  29796)  a n d  7 .  hyodysenteriae 
( A T C C  2 7 1 6 4 ) .
T a b l e  8 . E n z y m a t i c  a c t i v i t i e s  o f  i s o la t e d  t r e p o n e m e s  as i n d i c a t e d  
b y  t h e  A P I  Z Y M  t e s t .
T a b l e  9 .  F a t t y  a c i d  c o m p o s i t i o n  o f  - n o r p h o l o g i c a l l y  d i s t i n c t  
s p i r o c h a e t e s  i s o la t e d  f r o m  t h e  r a t  g u t .
T a b l e  10. A g g l u t i n a t i o n  o f  s p i r o c h a e t e  i s o la t e d  u s i n g  d i f f e r e n t  
a n t i s e r a .
T a b l e  11. D i s c  g r o w t h  i n h i b i t i o n  t e s t  o f  s p i r o c h a e t e  i s o la t e s  
u s i n g  d i f f e r e n t  a n t i s e r a .
T a b l e  12. G l o b u l i n  c o n c e n t r a t i o n  o f  p u r i f i e d  a n t i s e r a  r a id e d  
a g a i n s t  v a r i o u s  s p i r o c h a e t e  i s o la t e s .
T a b l e  13. A n t i b o d y  t i t r e s  o f  p u r i f i e d  g l o b u l i n s  a g a i n s t  
h o m o lo g o u s  s p i r o c h a e t e  is o la te s .
T a b l e  14. E l u t i o n  sch e m e  u s e d  f o r  s e p a r a t i o n  o f  t o t a l  
















L I S T  O F  T A B L E S
T a b l e  1. C h a r a c t e r i s t i c s  o f  Spirochaeca g e n e r a  as l i s t e d  in  
B e r g e y s '  M a n u a l  o f  S y s t e m a t i c  b a c t e r i o l o g y .
T a b l e  2.  F a t t y  a c i d  c o m p o s i t i o n  a n d  m e ta b o l i s m  o f  t h e  c u l t i v a b l e
g e n e r a  o f  t h e  Spirochaetsles o r d e r .
T a b l e  3 .  C o n c e n t r a t i o n  a n d  s o l u b i l i t i e s  o f  a n t i b i o t i c s  i n c o r p o ­
r a t e d  i n t o  c u l t u r e  m ed ia  f o r  i s o l a t i n g  r a t  G I T  s p i r o c h a e t e s .
T a b l e  4 .  S p i r o c h a e t e  s t r a i n s  i s o la t e d  n vitro in  a x e n i c  c u l t u r e :  
o r i g i n a l  i s o la t i o n  s i t e  a n d  g r o s s  m o r p h o l o g y  o f  each  i s o la t e .
T a b le  5 .  E f f e c t  o f  v a r i o u s  m o d i f i c a t i o n s  t o  b a s i c  L e m c k e  l i q u i d  
g r o w t h  m e d iu m  ( n o t  s u p p la m e n t e  1 w i t h  0.5% y e a s t  e x t r a c t )  on  
g r o w t h  o f  i s o la t e  D2 9.
T a b l e  6 . M o r p h o lo g i c a l  c h a r a c t e r i s t i c s  o f  m u l t i f i b r i l l a l  
s p i r o c h a e t e  ( i s o l a t e  D 2 9 )  a t  v a r i o u s  s t a g e s  o f  t h e  g r o w t h  c u r v e .
T a b le  7. B io c l  -mical p r o f i l e s  o f  s p i r o c h a e t e  T 9  i s o la t e d  f r o m  
r a t  c a e c u m ,  i. innocens ( A T C C  29796)  a n d  T. hyodysenteriae 
( A T C C  2 7 1 6 4 ) .
T a b le  8 . E n z y m a t i c  a c t i v i t i e s  o f  i s o la t e d  t r e p o n e m e s  as i n d i c a t e d  
b y  t h e  A P I  Z Y M  t e s t .
T a b l e  9 .  F a t t y  a c id  c o m p o s i t i o n  o f  m o r p h o l o g i c a l l y  d i s t i n c t  
s p i r o c h a e t e s  i s o la t e d  f r o m  t h e  r a t  g u t .
T a b le  10. A g g l u t i n a t i o n  o f  s p i r o c h a e t e  i s o la t e d  u s i n g  d i f f e r e n t  
a n t i s e r a .
T a b le  11. D i s c  g r o w t h  i n h i b i t i o n  t e s t  o f  s p i r o c h a e t e  i s o la te s  
u s i n g  d i f f e r e n t  a n t i s e r a .
T a b le  12. G l o b u l i n  c o n c e n t r a t i o n  o f  p u r i f i e d  a n t i s e r a  r a i s e d  
a g a i n s t  v a r i o u s  s p i r o c h a e t e  i s o la t e s .
T a b le  13. A n t i b o d y  t i t r e s  o f  p u r i f i e d  g l o b u l i n s  a g a i n s t  
h o m o lo g o u s  s p i r o c h a e t e  is o la te s .
T a b l e  14. E l u t i o n  schem e  c u e d  f o r  s e p a r a t i o n  o f  t o ta l  
















L I S T  O F F IG U R E S
F i g . 1. D ia g r a m m a t ic  r e p r e s e n t a t i o n  o f  a t y p  r a l  s p i r o c h a e t e  
as i n t e r p r e t e d  f r o m  e l e c t r o n  m i c r o g r a p h s .
F i g . 2.  D ia g r a m m a t ic  r e p r e s e n t a t i o n  o f  s p i r o c h a e t e  ce l l  d i v i ­
s io n  .
F i g .  3.  L i g h t  m ic r o s c o p i c  a p p e a r a n c e  o f  h e l ica l  b a c t e r i a  in t h e  
c o n v e n t i o n a l  r a t  G I T
F i g , 9.  L a r g e  s p i r a l  o r g a n i s m  ( t y p e  E)  e m b e d d e d  in  m u c o u s  
l a y e r .
39
F i g . 4a. S c h e m a t ic  r e p r e s e n t a t i o n  o f  d i s t r i b u t i o n  a n d  p o p u la t i o n  
d e n s i t y  o f  t y p e  A h e l ic a l  b a c t e r i a  in  t h e  r a t  G I T .  41
F i g .  4 b .  S c h e m a t ic  r e p r e s e n t a t i o n  o f  d i s t r i b u t i o n  a n d  p o p u la t i o n  
d e n s i t y  o f  t y p e  B h e l ic a l  b a c t e r i a  in  t h e  r a t  G I T .  42
F i g  4c .  S c h e m a t ic  r e p r e s e n t a t i o n  o f  d i s t r i b u t i o n  a n d  p o p u la t i o n  
d e n s i t y  o f  t y p e  C h e l ic a l  b a c t e r i a  in  t h e  r a t  G I T .  43
F i g .  4 d .  S c h e m a t ic  r e p r e s e n t a t i o n  o f  d i s t r i b u t i o n  r n d  p o p u la t i o n  
d e n s i t y  o f  t y p e  D h e l ic a l  b a c t e r i a  in  t h e  r a t  G I T .  4 4
F i g .  4e. S c h e m a t ic  r e p r e s e n t a t i o n  o f  d i s t r i b u t i o n  a n d  p o p u la t i o n  
d e n s i t y  o f  t y p e  E h e l ic a l  b a c t e r i a  .n t h e  r e t  G I T .  4 5
F i g .  5. F lu o r e s c e n t  a n t i b o d y  s t a i n i n g  o f  s p i r o c h a e t e s  in  t h e  
c o n v e n t i o n a l  r a t  l a r g e  i n t e s t i n e .  47
F i g .  6 . SEM o f  c o n v e n t i o n a l  r a t  c aecu m  d e p i c t i n g  s p i r o c h a e t e s  
on  m i c r o v i l l u s  s u r f a c e  a n d  b e n e a th  t h e  m u c o u s  l a y e r . 48
F ig  7. SEM o f  c o n v e n t i o n a l  r a t  caecu m  i l l u s t r a t i n g  t w o
m o r p h o lo g i c a l l y  d i s t i n c t  s p i r a l  b a c t e r i a ,  50
F i g .  8  SEM o f  c o n v e n t i o n a l  r g t  c o lo n  ( p r o x im a l  r e g io n )
s h o w in g  t h r e e  m o r p h o lo g ic a l  t y p e s  o f  s p i r a l  b a c t e r i a  e m b e d d e d  
in  t h e  m u co u s  l a y e r  50
51
F i g . 10. L a r g e  s p i r a l  o r g a n i s m  a s s o c ia te d  w i t h  m ic r o c o lo n y  o f  
f u s i f o r m  b a c t e r i a .  St
F i g . 11. T o l u i d i n e  b lu e  s t a i n i n g  o f  t h i c k  s e c t io n  o f  r a t  c aecu m ,  
s h o w in g  s p i r a l  b a c t e r i a  w i t h i n  c r y p t .  52
F ig  12. S p i r o c h a e t e s  a n d  f l e x u o u s  f u s i f o r m  b a c t e - i a  lo c a l i z e d  
in  c r y p t  o f  r a t  caecum . 52
F i g . 13. C l u s t e r  o f  s p i r o c h a e t e s  w i t h i n  e p i t h e l i a l  co l ls  a n d  
p e n e t r a t i o n  o f  t h e s e  b a c t e r i a  t h r o u g h  t h e  b a s e m e n t  m e m b ra n e  
a n d  i n t o  t h e  lam ina  p r o p r i a .  5 3
F i g . 14. L o n g i t u d i n a l  s e c t io n  o f  s p i r o c h a e t e s  p e n e t r a t i n g  t h e  
b a s e m e n t  m e m b ra n e .  53
F i g . 15. T r a n s v e r s e  s e c t io n  o f  c l u s t e r  o f  s p i r o c h a e t e s  in  c lo se  
p r o x i m i t y  to  t h e  n u c l e a r  m e m b ra n e .  54
F ig .  16. S p i r a l  b a c t e r ia  w i t h  d i s t i n c t i v e  loose o u t e r  m e r r b r a n e  
a s s o c ia te d  w i t h  c r y p t a i  m i c r o v i l l i . 55
XI II
F i g . 17. T r a n s v e r s e  s e c t io n  o f  c r y p t  s h o w in g  s p i r a l  o r g a n i s m  
v i t h  lo ose o u t e r  m e m b ra n e  in  a d d i t i o n  t o  o r g a n i s m  w i t h  d i s ­
t i n c t i v e  s c a l lo p e d  u l t r a s t r u c t u r e  lo c a l i z e d  c lo se  t o  m i c r o v i l l i .
F i g .  18. T r a n s v e r s e  s e c t io n  o f  s m a l le r  o f  t h e  t w o  t y p e  E
s p i r o c h a e t e s  o b s e r v e d  in  t h e  c r y p t s  o f  t h e  l a r g e  i n t e s t i n e ;  9
f i b r i l s  w i n d  a r o u n d  t h e  p r o t o p la s m i c  c y l i n d e r .
F ig .  19. T r a n s v e r s e  s e c t io n  o f  l a r g e r  o f  t h e  t w o  t y p e  E
s p i r o c h a e t e s  m  c r y p t s  o f  r a t  l a r g e  i n t e s t i n e ;  13 t h i c k  f i b r i l s
w i n d  aro u n d  t h e  p ro to p lasm # : c y l i n d e r .
F ig  2d Rods and cccc i
o ld  i n f a n t  ra t .  ( S E M ) ,
on caeca ! e p i t h e l i a l  s u r f a c e  o f  17 d a y
f i g .  21 T h i n  section o f  caeca l e p i t h e l i u m  o f  17 d a y  old - n fa n t  
d e p m c t i n g  b a c t e r i a l  f l o r a  w i t h i n  e l e c t r o n  d e n s e  m a t t e r  a d j a c e n t  




f  ig  22 Small helical b a c t e r i a  a n d  f u s i f o r m  b a c t e r i a  on c c lo n i c
e p ith e liu m  of  a 20 d a y  old c o n v e n t i o n a l  r a t  ( S E M ) .
F ig  23 M a s s iv e  c o l o n iz a t i o n  o f  caecal e p i t h e l i u m  b y  sm all  
heh ca l b a c te r ,*  on 21 day o ld  co n v e n tio n a l ra t  (S E M I.
f i g  24 L o w  p o w e r  TEM o f  caeca l e p i t h e l i u m  "Q * y  old
co n ven tio n a l ra t d e p ic t in g  b a c te r ia l in f i l t r a t io  >mage o f
e p ith e lia l c e lls
F ig  25 S p ira l b a c te r ia  w i t h i n  caeca l e p i t h e h *  ■ 19 d a y






Fig 26 d i g h  p o w e r  of  s p ira l b a c t e r i a  w i t h i n  cae^a i e p i t h e l i a l  
c e i l s ,  t h e  p o lar f l a g e l lu m  e x t e n d i n g  f r o m  each o r g a u s i s m  s u g ­
g e s t  i  th a t th ese  a re  c am p y lo b a c te r b a c te r ia
f i g  27 Loosely co iled  in te rm e d ia te  s iz e  s p i r a l  o r g a n i s m  on  t h e  
la rg e  in te s tin e  e p ith e liu m  o f  a » 8  d a y  o ld  c o n v e n t i o n a l  r a t  
(S E M )
F >g 28 Molica i b a c te r ia  w i t h  c h a r a c t e r i s t i c  o u t e r  m e m b ra n e  
w d h i n  caeca l ep ith e liu m  o f  19 d a y  o ld  c o n v e n t i o n a l  r a t .
Fig 29 Low p ow er 7 EM o f  c o lo n ic  c r y p t  o f  26 d a y  o ld  c o n ­
v e n t i o n a l  r a t  d e p ic tin g  m as*  o f  s p i r a l  b a c t e r i a  w i t h i n  t h e  c r y p t .
F ig  30 E n la r g e m e n t  o f  F ig  28 s h o w in g  t h e  s p i r a l  o r g a n i s m  
w i t h  t h e  loose o u t e r  m e m b ra n e  p a k i n g  c r y p t s  o f  c o lo n ic  
e p i t h e l i u m  of  26 d a y  old c o n v e n t i o n a l  r a t . 1 he  i n t e g r i t y  o f  t h e





F ig  31 Low p o w e r  sca n n in g  e l e c t r o n  m i c r o g r a p h  o f  caecu m  
e p i t h e l i u m  o f  a 26 d a y  o ld  c o n ven tio n a l r a t  d e p i c t i n g  t h e  e x t e n t  
o f c o lo n iz a t i o n  b y  t h e  la rg e  loosely c o i le d  s p i r o c h a e t e .  Each 
c r y p t  is colonized b y  a mass o f  t h e s e  b a c t e r i a .
F ig  32 E n largem en t o f  a c r y p t  o f  F ig  30,  s h o w in g  mass of 
lo o se ly  co i le d  sp iro ch ae tes  p ac ked  i n t o  each  c r y p t .
F i g . 33 L a r g e ,  loosely c o i le d  s p i r o c h a e t e s  ( a r r o w s )  w i t h  a 
d i v e r s e  e r x m u ra l  m i c r o f l o r a  on t h e  caeca l e p i t h e l i u m  o f  a 30 d a y  




F i y . 34 T r a n s m is s i o n  e l e c t r o n  m ic r o s c o p y  of  t h e  caeca l
e p i t h e l i u m  o f  a 26 d a y  o ld  co n ven tio n a l r a t  d e p i c t i n g  m a ss ive  
c o i o n iz a t i o n  o f  t h e  c r y p t s  b y  s p i r a l  b a c tr ia  A loss of  m i c r o v i l l i  
is e v i d e n t .
F ig  35 E n la r g e m e n t  o f  F ig  33 s h o w in g  tra n s v e rs e  s e c t io n s  
o f  sp ira l b a c t e r i a  p a c k e d  i n to  caecal c ry p ts  of  26 d a y  o ld  co n ­
v e n tio n a l i n f a n t .
F ig .  36 S p i r o c h a e t e s  p e n e tra t in g  i n t o  g o b le t  cell of c r y p t  
p a c k e d  w i t h  t h e s e  b a c te r ia
F ig  37 S p iro ch a e te s  in a less d e n s l y  co lon ized  caecal c r y p t  
o f  a 2 t  d a y  o ld  co n ven tio n a l r a t  T he  <- iro chaetes  a re  o r ie n ­
ta te d  p e r p e n d i c u l a r  to  t h e  e p i t h e l i u m
F ig  38 E n la r g e m e n t  o f  F ig  37 d e p ic tin g  t he  close association  
b e tw e e n  m .c ro v illi a n d  sp iro ch ae tes
F ig  33  H e lical b a c te r ia . p ro J a b l, sp iro ch ae tes  on m ic ro v illi
o f caecal ep ith e liu m  of 30 day old co n ven tio n a l ra t T h e  d i -
v e r s i t y  o f  t h e  e p i m u r a l  f lo ra  is s v id e n t
F ig  40 Loosely coiled s p ira l gam sm  associa ted  w ith  area  of 
caeca) e p ith e liu m  o f  24 day o ld  co n ven tio n a l r a t , in w h ic h
m ic ro v illi h av e  been e roded
F ig  41 N um erous loosely coded b a . te n a  on a rea  of caecal
e p i t h f l iu n  of 33 day old co n ven tio n a l ra t  m w h ich  m ic ro v illi
h «ve b<N n d e s tro y e d  Tw o ty p e s  o f  sp ira l b a c te r ia  a re  p r e s ­
e n t
Fig  42 B a c te ria  w ith in  caecal e p ith e lia l cell of 33 d a y  old
con zn tio n a l ra t
F ig  43 L o n g itu d in a l section of sp iro ch ae tes  w 'th in  caecal
c ry p t#  o f 33 d „ y  old co n sen fio n a l ra t
F ig 44 T r a n s v e r s e  sect,on of sp iro ch ae tes  w i t h i n  caecal
e p ith e lia l cell of 33 d ay  old co n ven tio n a l ra t Two and  fo u r  
p en p las m iL  f ib r i ls  a re  p r e s e n t , in d ic a tin g  th a t t h e s e  m v msive 
b a c te r ia  h i v e  a 2 4 2 perip lasm ic f ib r i l  a rra n g e m e n t
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r a n g e m e n t  C S p iro ch a e te  (is o la te  G391 w i t h  3 6  3 perip lasm ic  
f i b r i l  a rra n g e m e n t D, S p iro ch a e te  ( isolate f 23)  w i t h  1-2-1 
p erip la sm ic  f i b r i l  a rran g e rn ent
Fig 46 N e g a tiv e  s ta in in g  of s p iro ch ae te  ( iso la te  G40) w i th
n u m e r o u s  p erip la sm ic  f i b r i l s
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3 - 6 3  p e r i p la s m ic  f ib r i l  a rran g e m e n t
F ig  49 N e g a tiv e  s ta in in g  of  sp iro ch ae te  ( i s o la te  F 25)  w i t h
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C H A P T E R  1
I N T R O D U C T I O N
1.1  G A S T R O I N T E S T I N A L  M IC R O E C O L O G Y
1 . 1 . 1  G e n e r a l
E c o lo g i c a l  p r i n c i p l e s  a p p l i c a b le  t o  a n y  e c o s y s t e m  p e r t a i n  t o  t h e  
m ic r o b ia l  f l o r a  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  ( G I T ) .  In  t h e  n o rm a l  
a d u l t  a n im a l ,  each  h a b i t a t  w i t h i n  t h e  g u t  is c o lo n iz e d  b y  an 
a u t o c h t h o n o u s  ( i n d i g e n o u s )  f l o r a ,  w h i c h  o c c u p ie s  a n i c h e  in  t h a t  
h a b i t a t  a n d  t h e r e b y  c o n t r i b u t e s  t o  t h e  e c o n o m y  o f  t h e  s y s t e m  
( S a v a g e ,  1 9 7 7 b ) .  A i i o c h t h o n o u s  '  n o n i n d i g e n o u s )  o r g a n i s m s  m ay  b e  
f o u n d  in  a n y  h a b i t a t ,  b u t  n o r m a l l y  t h e s e  a r e  t r a n s i e n t s  a n d  c o n ­
t r i b u t e  l i t t l e  t o  t h e  s y s t e m ,  a l t h o u g h  a h a b i t a t  v a c a t e d  b y  i t s '  
a u t o c h t h o n o u s  f l o r a  m ay  be  t e m p o r a r i l y  c o lo n iz e d  b y  t h e s e  m ic r o b e s  
( S a v a g e ,  1983)  S i m i l a r l y ,  s e v e r e  d i s r u p t i o n  o f  t h e  g a s t r o i n t e s t i n a l  
e c o s y s t e m ,  m ay  r e s u l t  in  a u t o c h t h o n o u s  m ic r o b e s  i n v a d i n g  h a b i t a t s  
t o  w h i c h  t h e y  a r e  a i i o c h t h o n o u s  ( S a v a g e ,  1 9 7 7 b ) .  B a c t e r i a l  t r a n ­
s ie n t s  a r e  d e r i v e d  f r o m  f o o d  a n d  o t h e r  i n g e s t a  o f  t h e  a n im a l ,  f r o m  
p r o x i m a l  g a s t r o i n t e s t i n a l  r e g io n s  i n t o  m o re  d i s t a l  o n e s ,  a n d  e v e n  
• rom  lo w e r  i n t e s t i n a l  h a b i t a t s  i n t o  h i g n e r  o n e s  in  c o p r o p h a g o u s  a n ­
im als  ( S a v a g e ,  1983) .  G a s t r o i n t e s t i n a l  a u t o c h t h o n o u s  o r g a n i s m s  as 
d e f i n e d  b y  I n m a n  a n d  T a k e u c h i  (19 8 7 )  a n d  S a v a g e  ( 1977b)  a r e :
o c a p a b le  o f  a n a e r o b i c  g r o w t h ,
o a l w a y s  p r e s e n t  in  n o rm a l  a d u l t s ,
o c o lo n iz e  p a r t i c u l a r  a reas  o f  t h e  t r a c t .
o c o l o n i z e  t h e i r  ha ■ H u r i n q  s u c c e s s io n  in  i n f a n t  a n im a ls .
o m a in t a i n  s t a b le  p o p u la t i o n  'e v e l s  in  c i 'm a x  c o m m u n i t ie s  in n o r m a l  
a d u l t s ,
e m a y  a s s o c ia te  i n t i m a t e l y  w i t h  t h e  m u c o s a l  e p i t h e l i u m  in  t h e  
c o l o n i z e d  a r e a s .
1 . 1 . 2  S u c c e s s io n
I n i t s  p r i s t i n e  c o n d i t i o n , t h e  G 1T o f  a n e w b o r n  an im a l is s t e r i l e  a n d  
is s u b s e q u e n t l y  c o lo n iz e d  b y  m ic r o b e s  in  a c h a r a c t e r i s t i c  seq u en ce . 
C o m p le x  in te ra c tiv e  m e c h a n is m s  i n v o l v i n g  t h e  a n im a l ,  i t s  e n v i r o n m e n t  
a n d  d i e t ,  a n d  t h e  m ic r o b e s  t h e m s e lv e s  r e g u l a t e  t h e  c o u r s e  o f  
s u c c e s s i o n a l  e v e n t s  a n d  u l t i m a t e l y ,  t h e  p o p u l a t i o n  le v e ls  a n d  g e ­
o g r a p h i c  d i s t r i b u t i o n  o f  t h e  c l im a x  c o m m u n i t ie s  ( S a v a g e ,  1 9 7 7 b ) .  
P i o n e e r  p o p u la t i o n s  a r e  d e r i v e d  f r o m  t h e  m o t h e r  d u r i n g  t h e  b i r t h  
p r o c e s s .  P r im a r y  c o l o n i z e r s  o f  t h e  g u t  in m o s t  s u c k l i n g  i n f a n t s  a re  
m e m b e rs  o f  t h e  Isictobac il lus g e n u s ,  c lo s e l y  f o l l o w e d  b y  t h e  
fa c u lta t  ve  an aerobes ftc A e rz c A ja  c o /z  and  S fre p fo c o c c u s  /a e c a J ia .  
T h e s e  b a c te r ia  may ass im ila te  o x y g e n  in t h e  g u t  a n d  t h e r e b y  p r e p a r e  
t h e  g u t  f o r  c o lo n iz a t i o n  b y  o b l i g a t e  a n a e r o b e s .  P r o f o u n d  t r a n s i t i o n s  
in  t h e  g u t  p o p u la tio n  o c c u r  w h e n  t h e  in fa n t b e g in s  to  c o n s u m e  s o l id  
f o o d ;  th e  pop u la t i o n  leve ls  o f  t h e  o b l i g a t e  a n a e ro b e s  in c re a s e s  p r o ­
g r e s s i v e l y  a n d  w h e n  w e a n in g  has been c o m p e t e d ,  t h e s e  b a c te r ia  a r e  
a t  a d u k  c l im a x  le v e ls . Some c o m p o n e n ts  or  the  m i c r o f l o r a  may 
c o l o n i z e  t h e i r  h a b i t a t s  o n l y  a f t e r  w e a n in g  ( S a v a g e ,  1977b)  . T h e  
i n c r e a s e  in  s t r i c t  a n aerobes  is a c c o m p a n ie d  b y  a c o n c u r r e n t  d e c l i n e  
in  t h e  f a c u l t a t i v e  p o p u l a t i o n ,  w h ic h  may  be associa ted  w i t h  t h e  
p r o d u c t i o n  o f  t o x i c ,  a n a e r o b i c  m e ta b o l i c  e n d  p r o d u c t s  s u c h  as v o l ­
a t i l e  a n d  n o n -v o la t i le  s h o r t  c h a in  f a t t y  acids a n d  t h e  p r o d u c t i o n  o f  
h y d r o g e n  s u l p h i d e .
1 . 1 . 3  R e g u la t i o n
T h e  a u t o c h t h o n o u s  m ic r o b io t a  e x e r t s  f o r c e s  t o  m a in t a i n  t h e  status 
quo o f  t h e  c o m m u n i t y  a n d  t o  e x c l u d e  a i l o c h t h o n o u s  c o l o n i z a t i o n .  
T h e  m a in t e n a n c e  o f  low  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l s ,  t h e  p r o ­
d u c t i o n  o f  m e ta b o l i c  e n d  p r o d u c t s  ( e g .  v o l a t i l e  f a t t y  a c i d s ) ,  n u t r i ­
t i o n a l  c o m p e t i t i o n  a n d  t h e  p r o d u c t i o n  o f  b a c t e n o c i n s  a n d  a n t i b i o t i c s  
m a y  al l  i n t e r a c t  t o  _ * c l u d e  i n v a d e r s  a n d  r e g u l a t e  t h e  c o m p o s i t i o n  
a n d  l o c a l i z a t i o n  o f  m ic r o b ia l  c o m m u n i t ie s  in  t h e  G I T  ( C l a r k e ,  1 97 7 ) .  
F a c t o r s  g e n e r a t e d  b y  t h e  h o s t  s u c h  as p H ,  s t a s is ,  b i l e  a c i d  p r o ­
d u c t i o n ,  e p i t h e l i a l  t u r n o v e r  a n d  d i e t ,  m ay a lso  hav<.- r e g u l a t o r y  e f ­
f e c t s  on  t h e  g u t  m i c r o f l o r a  ( D r a s e r  a n d  B a r r o w ,  1985; G o r d o n  a n d  
P e s t i ,  1971; S a v a g e ,  1 9 7 7 b ) .  B y  d e c o n j u g a t i n g  b i l e  a c i d s ,  s t im u -  
l a t m g  p e r i s t a l s i s ,  a n d  i n d u c i n g  s e c r e t o r y  I g A  a n d  l y s o z y m e  p r o ­
d u c t i o n ,  t h e  g u t  m ic r o b e s  t h e m s e lv e s  a l t e r  h o s t  p h y s i o l o g i c a l  
r e s p o n s e s  a n d  t h e r e b y  c o n t r i b u t e  t o  t h e  r e g u l a t i o n  o f  t h e  g u t  
m i c r o f l o r a  ( D r a s e r  a n d  B a r r o w ,  1 9 8 5 ) .  B y  s h a r i n g  h o s t  m u c o s a l  o r  
b l o o d - g r o u p  a n t i g e n s ,  a u t o c h t h o n o u s  b a c t e r i a  may e s c a p e  r e c o g n i t i o n  
b y  t h e  h o s ts  im m u n e  s y s t e m  (F o o  a n d  Lee ,  1974)  a n d  t h i s  c o u l d  
be  o f  p a r t i c u l a r  a d v a n t a g e  to  t h o s e  b a c te r ia  t h a t  c o lo n i z e  t h e  h o s t  
e p i t h e l i a l  s u r f a c e  P h a g o c y t o s i s  b y  p a n e t h  c e i l s ,  m a c r o p h a g e s  a n d  
p o l y m o r p h o n u c l e a r  le u c o c y t e s  lo c a te d  in  t h e  m ucosa  m ay a lso  r e g u l a t e  
t h e  m ic r o b ia l  f l o r a  on t h e  e p i t h e l i u m  a n d  w i t h i n  t h e  c r y p t s  ( D a v i s  
et aj . , 1972b;  E r l a n d s e n  a n d  C h a s e ,  1972; S a v a g e ,  1977b ;  1 98 3 ) .
1 . 1 . 4  M ic r o b ia l  h a b i t a t s
M i c r o b ia l  h a b i t a t s  m  t h e  G I T  a r e  d i s t r i b u t e d  v e r t i c a l l y  f r o m  t h e  
o e s o p h a g u s  to  t h e  a n u s ,  a n d  h o r i z o n t a l l y  f r o m  t h e  c e n t e r  o f  t h e  
lu m e n  to  t h e  d e p t h s  o f  t h e  c r y p t s .  Each  h a b i t a t  p r o v i d e s  d i f f e r e n t  
e n v i r o n m e n t a l  o r  n u t r i t i o n a l  c o n d i t i o n s  s u i t a b le  f o r  i t s  m ic r o b ia l  
c o l o n i z e r s .  H a b i t a t s  w i t h i n  t h e  g u t  a r e  u s u a l l y  o f  m ic r o s c o p i c  d i -
3
xm e n s io n  ( m i c r o h a b i t a t s )  a n d  m ay  o c c u r  in  t h e  lu m e n  (o n  t h e  s u r f a c e s  
o f  s o l id  m a te r i a ls  e g .  f o o d s t u f f s ) ;  on  t h e  e p i t h e l i a l  s u r f a c e  ( i n  t h e  
m u c u s  o r  on  t h e  m i c r o v i l l i ) ,  in  t h e  m u co sa l  c r y p t s  ( S a v a g e ,  
1 9 8 3 ) .  M a jo r  a re a s  in  t h e  m?" - ■' lian " s t r a i g h t - t u b e "  g u t  e m b r a c e  
t h e  o e s o p h a g u s ,  s t o m a c h ,  sm a ll  i n t e s t i n e  a n d  l a r g e  i n t e s t i n e .  V a r ­
ia t i o n s  t o  t h i s  sch e m e  a r e  d i s p l a y e d  b y  h e r b i v o r e s ,  t h a t  h a v e  e i t h e r  
a r u m e n ,  w h e r e  t h e  s to m a c h  is e n l a r g e d  a n d  r a m i f i e d  i n t o  c o m p a r t ­
m e n t s ,  o r  a c a e c u m ;  a b i t , i d  sac lo c a te d  a t  t h e  e n d  o f  t h e  small  
i n t e s t i n e  a n d  t h e  b e g i n n i n g  o f  t h e  l a r g e .  In  b o t h  cases  t h e  
u n d i g e s t a b l e  p l a n t  m a te r i a l  is d e l a y e d  in  t r a n s i t  a n d  e x p o s e d  t o  
m i c r o b ia l  d e g r a d a t i o n  f r o m  w h ic h  t h e  a n im a l d e r i v e s  n u t r i t i o n a l  
b e n e f i t .  T h e  r e l a t i v e  s t a s is  o f  t h e  c a e c u m ,  r u m e n  a n d  l a r g e  
i n t e s t i n e  e n a b le s  t h e  d e v e lo p m e n t  o f  a lu m e n a l  m i c r o b ia l  f l o r a  in  
t h e s e  a r e a s .  D u e  t o  t h e  c o n s t a n t  m o v e m e n t  o f  t h e  m u c u s  a n d  lu m e n a l  
c o n t e n t s  t h r o u g h  g u t ,  some m ic r o b ia l  t y p e s  h a v e  e v o l v e d  s p e c ia l  
s t r u c t u r e s  f o r  a d h e r i n g  t o  t h e  g l v c o c a l y x  o r  e p i t h e l i a l  c e l l  m e m ­
b r a n e s .  T h e s e  m ic r o o r g a n i s m s  a s s o c ia te  w i t h  t h e  e p i t h e l i u m  b y  
s t a b le  r e a c t i o n s  w h ic h  m ay  i n v o l v e  s p e c i f i c  m o le c u la r  i n t e r a c t i o n s  
b e t w e e n  m ic r o b ia l  s u r f a c e s  a n d  t h e  e p i t h e l i u m  o r  m u c o u s  
g l y c o p r o t e i n s  ( S a v a g e ,  1 9 8 0 b ) .
T n e  g r a m  p o s i t i v e  cocc i a n d  r o d s  t h a t  a d h e r e  t o  t h e  ' p i t h e l i u m  o f  
t h e  o e s o p h a g u s  a n d  s to m a c h  o f  v a r i o u s  a n im a ls ,  t h e  Clostridium 
s p e c ie s  t h a t  a d h e r e  t o  t h e  m ouse  co lon  a n d  t h e  s p i r a l  b a c t e r i a  w h i c h  
a d h e r e  t o  t h e  c aecu m  sn d  c o lo n  in  r a t s  a n d  m ic e ,  m ay  a t t a c h  b y  
f i l a m e n t s  c o n t a i n i n g  a c id  p o l y s a c c h a r i d e s  w h ic h  e x t e n d  b e t w e e n  t h e  
b a c t e r i a  a n d  t h e  e p i t h e l i a l  g l y c o c a l y x  ( Lee , 1980; S a v a g e ,  1978; 
1980b ;  198 3 ) ,  a n d  w h ic h  m ay  be  p l a s m i d  c o d e d  ( S a v a g e ,  1984) .  
O t h e r  m ic r o o r g a n i s m s  a l t e r  t h e  a r c h i t e c t u r e  o f  t h e  m u co sa l  s u r f a c e  
w i t h  w h i c h  t h e y  a s s o c ia t e ,  a n d  a r e  p h y s i c a l l y  a s s o c ia t e d  w i t h  t h e  
g l y c o c a l y x  o r  u n d e r l y i n g  m e m b ra n e  o f  t h e  e p i t h e l i a l  c e l l . T h a  
f i l a m e n t o u s  o r g a n i s m s  t h a t  c o lo n iz e  t h e  e p i t h e l i u m  o f  t h e  small
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m e n s io n  ( m i c r o h a b ^ t a t s ) a n d  m ay  o c c u r  in  t h e  lu m e n  (o n  t h e  s u r f a c e s  
o f  s o l id  m a t e r i a l s  e g .  f o c d s t u f f s ) :  on  t h e  e p i t h e l i a l  s u r f a c e  ( i n  t h e  
m u c u s  o r  on  t h e  m i c r o v i l l i ) ,  o r  in  t h e  m u co sa l  c r y p t s  ( S a v a g e ,  
1 9 8 3 ) .  M a jo r  a re a s  in  t h e  m am m al ia n  " s t r a i g h t - t u b e "  g u t  e m b r a c e  
t h e  o e s o p h a g u s ,  s t o m a c h ,  small  i n t e s t i n e  a n d  l a r g e  i n t e s t i n e .  V a r ­
ia t i o n s  to  t h i s  sch e m e  '  e d i s p l a y e d  b y  h e r b i v o r e s ,  t h a t  h a v e  e i t h e r  
a r u m e n ,  w h e r e  t h e  s to m a c h  is e n l a r g e d  a n d  r a m i f i e d  i n t o  c o m p a r t ­
m e n t s ,  o r  a ca e c u m ;  a b l i n d  sac l o c a te d  a t  t h e  e n d  o f  t h e  small  
i n t e s t i n e  a n d  t h e  b e g i n n i n g  o f  t h e  l a r g e  In  b o t h  cases  t h e  
u n d i g e s t , i b l e  p l a n t  m a t e r i a l  is d e l a y e d  in  t r a n s i t  a n d  e x p o s e d  t o  
m i c r o b ia l  d e g r a d a t i o n  f r o m  w h ic h  t h e  an ima l d e r i v e s  n u t r i t i o n a l  
b e n e f i t .  T h e  r e l a t i v e  s t a s is  o f  t h e  c a e c u m ,  r u m e n  a n d  l a r g e  
i n t e s t i n e  e n a b le s  t h e  d e v e lo p m e n t  o f  a lu m e n a l  m ic r o b ia l  f l o r a  in 
t h e s e  a r e a s .  D u e  t o  t h e  c o n s t a n t  m o v e m e n t  o f  t h e  m u c u s  a n d  lu m e n a i  
c o n t e n  s t h r o u g h  g u t ,  some n u c r o b i c '  t y p e s  h a v e  e v o l v e d  s p e c ia l  
s t r u c t u r e s  f o r  a d h e r i n g  t o  t h e  g l y c o c a l y x  o r  e p i t h e l i a l  c e l l  m em ­
b r a n e s .  T h e s e  m ic r o o r g a n i s m s  a s s o c ia te  w i t h  t h e  e p i t h e l i u m  b y  
s t a b le  r e a c t i o n s  w h ic h  m ay  i n v o l v e  s p e c i f i c  m o le c u la r  i n t e r a c t i o n s  
b e t w e e n  m ic r o b ia l  s u r f a c e s  a n d  t h e  e p i t h e l i u m  o r  m u c o u s  
g l y c o p r o t e i n s  ( S a v a g e ,  19 8 0 b ) .
T h e  g r a m  p o s i t i v e  cocc i a n d  r o d s  t h a t  a d h e r e  t o  t h e  e p i t h e l i u m  o f  
t h e  o e s o p h a g u s  a n d  s tom a ch  o f  v a r i o u s  a n im a ls ,  t h e  Clostridium 
sp e c ie s  t h a t  a d h e r e  to  t h e  m ouse  c o lo n  a n d  t h e  s p i r a l  b a c t e r i a  w h i c h  
a d h e r e  t o  t h e  c aecu m  a n d  co lon  in r a t s  a n d  m ic e ,  m ay  a t t a c h  b y  
f i l a m e n ts  c o n t a i n i n g  ac id  p o l y s a c c h a r i d e s  w h ic h  e x t e n d  b e t w e e n  t h e  
b a c t e r i a  a n d  t h e  e p i t h e l i a l  g l y c o c a l y x  ( L e e ,  1980;  S a v a g e ,  1978; 
1980b ;  1 98 3 ) ,  a n d  w h ic h  may  be  p la s m id  c o d e d  ( S a v a g e ,  1984) .  
O t h e r  m ic r o o r g a n i s m s  a l t e r  t h e  a r c h i t e c t u r e  o f  t h e  m u co sa l  s u r f a c e  
w i t h  w i n c h  t h e y  a s s o c ia t e ,  a n d  a r e  p l v  s i c a l l y  a s s o c ia t e d  w i t h  t h e  
g t y c o c A i y x  o r  u n d e r l y i n g  m e m b ra n e  o f  t h e  e p i t h e l i a l  c e l l .  T h e  
f i l a m e n to u s  n r g „ , i i s m s  t h a t  c o lo n iz e  t h e  e p i t h e l i u m  o f  t h e  sm all
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i n t e s t i n e  o f  m ic e  a n d  r a t s ,  a d h e r e  b y  a s p e c i a l i z e d  h o l d f a s t  i n s e r t e d  
i n t o  a s o c k e t  in  t h e  m i c r o v i l l u s  m e m b r a n e  o f  t h e  e p i t h e l i a l  ce l l  
( D o b b i n s ,  1984; In m a n  a n d  T a k e u c h i ,  1982;  S a v a g e ,  1 9 8 0 b ) .  A t  t h e  
a re a  o f  a t t a c h m e n t ,  t h e  e p i t h e l i a l  cell m e m b ra n e  is i n t a c t ,  b u t  t h e  
m i c r o v i l l i  a r o u n d  t h e  s i t e  a r e  a t t e n u a t e d  a n d  f u s e d .  T h e  C' t o p la s m  
a d j a c e n t  t o  t h e  s i t e  c o n t a i n s  f e w e r  p a r t i c l e s  t h a n  t h a t  m o r e  r e m o te  
f r o m  t h e  a t t a c h m e n t  s i t e .  A n  e l e c t r o n  d e n s e  p l a q u e  is p r e s e n t  in  
t h e  c y t o p la s m  a d j a c e n t  t o  t h e  s i t e  o f  a t t a c h m e n t  ( D o b b i n s ,  1984; 
I n m a n  a n d  T a k e u c h i ,  1 9 8 2 ) .  T h e s e  c h a n g e s  h a v e  b ee n  i n t e r p r e t e d  
as a s t a b i l i z a t i o n  o f  t h e  a t t a c h m e n t  s t e  b y  a sol - g e l  t r a n s f o r m a t i o n  
in  t h e  e p i t h e l i a l  ce l l  m e m b r a n e  a n d  e v e n  p e r h a p s  t h e  a d j a c e n t  
c y t o o la s m .  T h e  r o d  s h a p e d  b a c t e r i a  p r e s e n t  on  t h e  c o lo n ic  
e p i t h e l i u m  o f  r a t s ,  a n d  t h e  s p i r o c h a e t e s  a n d  s p i r a l  b a c t e r i a  i n t i ­
m a te ly  a s s o c ia t e d  w i t h  t h e  e p i t h e l i u m  o f  man a n d  m o n k e y s ,  m a y  i n ­
d u c e  s im i l a r  c h a n g e s  in  e p i t h e l i a l  c e l l s  ( S a v a g e ,  1 9 8 0 b ) .  F re e z e  
f r a c t u r e  s t u d ie s  o f  t h e s e  b a c t e r i a  h a v e  s h o w n  m e m b ra n e  s p e c i a l i z a ­
t i o n  in  t h e  o u t e r  m e m b ra n e  o :  b o t h  m ic r o b e s  a n d  t h e  a re a  o f  a t ­
t a c h m e n t  ( N e u t r a ,  1980, 1984) .
1 .1 .5  M ic ro b ia l n iches
rV-
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M ic r o o r g a n i s m s  a r e  f o u n d  in p a r t i c u l a r  h a b i t a t s  b e c a u s e  t h e y  a re  
b e s t  f i t t e d  g e n e t i c a l l y  a n d  b io c h e m ic a l l y  t o  f i l l  n i c h e s  in t h a t  h a b i t a t .  
T h e  n ich e  o f  e v e r y  m ic r o b ia l  s p e c ie s  in t h e  g a s t r o i n t e s t i n a l  
e c o s y s t e m  m ay n e v e r  b e  d e f i n e d  w i t h  p r e c i s i o n  a n d  in  m o s t  cases 
su c h  i n f o r m a t i o n  has t o  be  in fe r r e d  f r o m  y.n vitro s t u d ie s  o f  a v a i l a b le  
n u t r i e n t s ,  t y p e s  o f  e n d - p r o d u c t s  p r o d u c e d  a n d  t h e  s t a b i l i t y  o f  t h e  
c o m m u n i t y  in t h e  h a b i t a "  ( S a v a g e ,  1 9 7 7 b ) .  T h e  - n t e r a c t i o n s  o c c u r ­
r i n g  b e t w e e n  m ic r o b e s  in ea ch  l a b i t a t  o f  t h e  t r a c t  d i c t a t e  ho w  e n ­
e r g y  f l o w s  t h r o u g h  t h e  s y s t e m .  T h e  a n a e r o b i c  n a t u r e  o f  t h e  G I T  
s u g g e s t s  t h a t  g u t  m i c r o o r g a n i s m s  m u s t  h a v e  t h e  c a p a c i t y  t o  g e n e r a t e  
e n e r g y  b y  m e c h a n is m s  n o t  i n v o l v i n g  o x y g e n  as t h e  t e r m i n a l  e l e c t r o n
a c c e p t o r .  M o s t  s p e c ie s  a c c o m p l is h  t h i s  b y  f e r m e n t a t i o n ,  b u t  some 
f i x  h y d r o g e n  a n d  c a r b o n  d i o x i d e  t o  f o r m  m e th a n e ;  a p r o c e s s  w h ic h  
r e q u i r e s  lo w  o x - d a t i o n  - r e d u c t i o n  p o t e n t i a l s  a n d  c o n s e q u e n t l y  o n l y  
o p e r a t e s  in t h e  l a r g e  b o w e l ,  c aecu m  o r  r u m e n .
S u b s t r a t e s  f o r  f e r m e n t a t i o n  a r e  d e r i v e d  e i t h e r  f r o m  d i e t a r y  i n t a k e  
o r  f r o m  e n d o g e n o u s  p r o d u c t s  g e n e r a t e d  b y  t h e  a n im a l .  M u c in ,  
e n z y m e s  p r o d u c e d  b y  t h e  h o s t  a n d  d e s q u a m a te d  e p i t h e l i a l  c e l ls  s e r v e  
as i m p o r t a n t  c a r b o n ,  e n e r g y  a n d  n i t r o g e n  s o u r c e s  f o r  some 
g a s t r o i n t e s t i n a l  m ic r o b e s  ( H o s k i n s ,  1984; S a v a g e ,  1977b;  P r i n s ,
1 9 7 7 ) ,  A m m o n ia  d e r i v e d  f r o m  u r e o l y s i s  a n d  d e a m i n a t io n  o f  a m in o  
a c i d s  is h o w e v e r  t h e  m a jo r  n i t r o g e n  s o u r c e  f o r  g u t  b a c t e r i a .  V o l a t i l e  
a n d  n o n - v o l a t i l e  f a t t y  a c id s  p r o d u c e d  as e n d - p r o d u c t s  o f  m ic r o b ia l  
f e r m e n t a t i o n ,  c o n t r i b u t e  t o  t h e  n u t r i t i o n  o f  o t h e r  b a c t e r i a  as w e l l  
as t h e  a n im a l  h o s t .  V i t a m i n s  E, K a n d  m a n y  o f  t h e  B g r o u p ,  a r e  
a ls o  s y n t h e s i z e d  in t h e  l a r g e  b o w e l  b y  Escherichia coli, Klebsiella 
aerogenes a n d  Bacteroides fragilis, b u t  u n le s s  t h e  h o ? t  p r a c t i c e s  
c o p o g r a p h y ,  t h e s e  a r e  lo s t  in  t h e  fa e c e s  a n d  a r e  p r o b a b l y  o f  l i t t l e  
b e n e f i t  t o  t h e  h o s t  ( D r a s e r  a n d  B a r r o w ,  1 9 8 5 ) .  M i c r o b ia l  d i g e s t i o n  
o f  i n g e s t e d  fo o d  o c c u r s  in  b o t h  t h e  r u m e n  a n d  c a e c u m ,  w h e r e  
m ic r o b ia l  p r o c e s s e s  y i e l d  e n d  p r o d u c t s  t h a t  a r e  a b s o r b e d  a n d  u t i l i z e d  
b y  t h e  s n im a l .  M os t  o f  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  r u m i n a n t s  
a r e  m et  b y  m ic r o b ia l  f e r m e n t a t i o n , w h i l e  m ic r o b ia l  a c t i v i t y  in  t h e  
h e r b i v o r e  c aecu m  m ay s u p p le m e n t  t h e  a v a i l a b le  e n e r g y  b y  p r o v i d i n g  
25-35% o f  t h e  a n im a ls '  n u t r i e i o n a l  n e e d s  ( S a v a g e .  19 7 7 b ) .
1 . 1 . G M i c r o b ia l  f l o r a
T h e  m ic r o b ia l  f l o r a  o f  t h o s e  r e g io n s  o f  t h e  g u t  w h i c h  a re  r e l a t i v e l y  
s t a t i c  a n d  o f  n e u t r a l  p H ,  is e x t r e m e l y  d e n s e  a n d  d i v e r s e ,  w h i l e  
f e w e r  a n d  m o -e  s p e c ia l i z e d  b a c t e r i a  a r e  a s s o c ia t e d  w i t h  a reas  o f  t h e  
t r a c t  t h a t  h a v e  a f a s t e r  f l o w  r a te  a n d  lo w e r  p H .  T h e  s to m a c h  o f
n o n - r u m i n a n t  a n im a ls  c o n t a i n s  le ss  t h a n  1 0 '  o r g a n i s m s / m l  a n d  m o s t  
o f  t h e s e  a r e  n o t  o b l i g a t e i y  a n a e r o b i c  D r a s a r  a n d  H i l l , 1 9 7 4 ) .  T h e  
l u t o c /  <honous m i c r o f l o r a  o f  t h e  s to m a c h  is g e n e r a l l y  a t t a c h e d  t o  t h e  
m u c o s a ,  a n d  in  m o s t  a n im a ls  is c o m p r i s e d  o f  l a c t i c  a c i d  b a c t e r i a  
( l a c t o b a c i l h  a n d  s t r e p t o c o c c i )  a n d  y e a s t  o f  t h e  Candida g e n u s  ( S a v ­
a g e ,  198 3 ) .  In  a d d i t i o n ,  some h e l i c a l  o r g a n i s m s  h a v e  b ee n  r e p o r t e d  
t o  be  a s s o c ia te d  v» th  t h e  g a s t r i c  s e c r e t i n g - e p i t h e l i u m  o f  m o n k e y s ,  
c a ts  s n d  d o v s ( S a v a g e ,  1 9 8 0 b ) .  In  t h e  sm a ll  i n t e s t i n e ,  p o p u la t i o n  
d e n s i t i e s  a t t a i n  l e v e ls  o f  1 0 * - T 0 '  o r g a n i s m s / m l  in  t h e  d u o d e n u m  a n d  
10 ‘ / m 2  in  t h e  d i s t a l  i l eum  ( D r a s a r  a n d  H i l l ,  197 4 ) .  In  t h e  d u o d e n a l  
r e g io n  o f  t h e  smal l  b o w e l ,  g r a m - p o s i t i v e ,  f a c u l t a t i v e  b a c t e r i a  p r e ­
d o m in a te ,  b u t  in  t h e  i l e u m ,  e q u a l  n u m b e r s  o f  a e ro b e s  a n d  a n a e ro b e s  
a r e  f o u n d  ( D r a s a r  a n d  H i l l ,  197 4 ) .  T h i s  f l o r a  <s m o re  d i v e r s e ,  a n d  
is  c o m p r i s e d  o f  r o d s ,  c o c c i  a n d  h e l i c a l  b a c t e r i a .  S e g m e n te d ,  
f i l a m e n t o u s  b a c t e r i a  a d h e r e  t o  t h e  m ucosae  v ia  s p e c i l i z e d  h o l d f a s t s  
• n t h e  m id  a n d  lo w e r  reg io n s  o f  t h e  small  b o w e l  in m a n y  a n im a ls  
i n c l u d i n g  r a t s ,  d o g s  a n d  c h i c k e n s .  E n o rm o u s  m ic r o b ia l  p o p u la t i o n s  
d e v e lo p  in t h e  lu m en  o f  t h e  c aecu m  a n d  c o lo n ,  a n d  m a n y  g e n e r a  a n d  
h u n d r e d s  o f  s p e c ie s  h a v e  be e n  i s o la t e d ,  m os t  o f  w h i c h  a r e  s t r i c t  
a n a e ro b e s  a n d  i n c l u d e  m e m b e rs  o f  t h e  Closttidius, Eutjcierium, 
Bacteroides, Veilonella, Fusobacter ium, Lactobacillus a n d
Streptococcus g e n e r a  ( C l a r k e ,  1977; S a v a g e ,  1 9 7 7 b ) .  D u e  t o  t h e  
c o m p le x  i n t e r a c t i o n s  b e t w e e n  b a c t e r i a  in  t h i s  h a b i t a t ,  m a n y  r e p r e ­
s e n t a t i v e s  o f  t h e  a u t o c h t h o n o u s  m i c r o f l o r a ,  h a v e  n o t  b ee n  a x e m c a l l y  
c u l t i v a t e d  in vitro. O t h e r  a n a e r o b i c  b a c t e r i a  c o lo n iz e  h a b i t a t s  on 
t h e  l a r g e  bo w e l  m u c o s a ,  a n d  t h e s e  i n c l u d e  f u s i f o r m s  b e l o n g i n g  to  
t h e  C J o s c r id a u m ,  Eubacterium, Fusobacterium ^ n u  Bacteroides g e n e r a ,  
h e l i c a l  b a c t e r i a  a n d  s p i r o c h a e t e s  ( S a v a g e ,  . 9 8 3 ) .
1 . 2  S P IR O C H A E T A L E S
1 . 2 . 1  G e n e r a l  d e s c r i p t i o n
T h e  Spirochaetales o r d e r  is c o m p r i s e d  o f  h e l ic a l  p r o k a r y o t e s  c h a r ­
a c t e r i z e d  b y  u n i q u e  c e l l u l a r  a n a to m y  a n d  d i s t i n c t i v e  m o t i l i t y .  A l ­
t h o u g h  m e m b e rs  s h a r e  a n u m b e r  o f  s t r u c t u r a l  s i m i l a r i t i e s ,  t h e y  v a r y  
w i d e l y  in  t h e i r  m e ta b o l i s m  a n d  n a t u r a l  d i s t r i b u t i o n .  S p i r o c h a e t e s  
a r e  g r a m - n e g a t i v e ,  s l e n d e r ,  f l e x u o u s ,  h e l i c a l l y  c o i le d  o r g a n i s m s ,  3 
to  500ym lo n g  a n d  0 . 1 - 3 . Gum w i d e  ( J o h n s o n ,  1977; S m i b e r t ,  1 97 3 ) .  
T h e  m o r p h o lo g i c a l  f e a t u r e s  t h a t  s e r v e  t o  d e f i n e  a n d  d i f f e r e n t i a t e  
s p i r o c h a e t e s  f r o m  o t h e r  o r g a n i s m s  i n c l u d e  a c o i le d  p r o t o p la s m i c  
c y l i n d e r  t h a t  h o u s e s  t h e  g e n e t i c  a n d  c y t o p la s m i c  e le m e n ts  a n d  w h ic h  
is b o u n d e d  b y  a c y t o p la s m i c  m e m b r a n e - c e l l  w a l l  c o m p le x .  W o u n d  
a r o u n d  t h e  p r o t o p la s m i c  c y l i n d e r  a r e  f i l a m e n t o u s  p e r i p la s m ic  f l a g e l l a ,  
w h i l e  an o u t e r  m e m b ra n o u s  " s h e a t h "  e n v e lo p e s  t h e  
p r o t o p l a s m i c - p e r i p l a s m i c  f l a g e l la  c o m p le x  ( F i g .  1 ) .
C a n a le - P a r o la  (1984)  in t h e  l a t e s t  e d i t i o n  o f  B e r g e / s  M a n u a l  o f  
S y s t e m a t i c  B a c t e r i o l o g y  r e c o g n i z e s  f i v e  g e n e r a  as m e m b e rs  o f  t h e  
Spirochaetales o r d e r .  T h e s e  g e n e r a ,  Cr ist ispira, Treponema, 
Spirochaeta, dorrelia a n d  Leptospiia, a r e  d i f f e r e n t i a t e d  a c c o r d i n g  
t o  t h e  c r i t e r i a  l i s te d  in  T a b l e  1 ( r e f e r  s e c t io n  1 . 2 . 7 ) .
1 . 2 . 2 .  O u t e r  E n v e lo p e
T h e  o u t e r  e n v e lo p e  is a f l e x i b l e ,  t r i p l e - l a y e r e d  m e m b r a n o u s  s t r u c ­
t u r e  t h a t  c o m p le te l y  s u r r o u n d s  t h e  m ic r o o r g a n i s m  ( C a n a le - P a r o la ,  
1978; P i l l o t  a n d  R y t e r ,  196 5 ) .  T h e  v i a b i l i t y  o f  t h e  s p i r o c h a e t e  is 
d e p e n d e n t  o n  an i n t a c t  o u t e r  s h e a t h ,  a n d  da m a g e  o f  t h e  m e m b ra n e  
m e d ia te d  b y  a n t i b o d ie s  a n d  c c i r . p le m e n t ,  o r  c h e m ic a l  a g e n t s ,  r e s u l t s  
in  c e l l  d e a t h  ( J o h n s o n ,  1 9 7 7 ) .  C h e m ic a l  a n a ly s t s  o f  t h e  o u t e r  s h e a th  
has  r e v e a l e d  t h a t  i t  c o n t a i n s  p r o t e i n s ,  l i p i d s  ( p r e d o m i n a n t l y  in  t h e  
f o r m  o f  p h o s p h o l i p i d s )  a n d  c a r b o h y d r a t e s ,  w i t h  t h e  p r o p o r t i o n  o f  
t h e s e  c o m p o n e n ts  v a r y i n g  b e t w e e n  g e n e r a  ( J o h n s o n ,  1977; H o l t ,  
1978;  M a s u d a  a n d  K a w a ta ,  1 98 2 ) .  L i p o p o l y  s a c c h a r i d e  ( L P S ) ,  
s t r u c t u r a l l y  a n d  f u n c t i o n a l l y  s im i l a r  t o  t h a t  in  g r a m - n e g a t i v e  b a c ­
t e r i a ,  has  b ee n  d e t e c t e d  m  s e v e r a l  s p e c ie s  o f  s p i r o c h a e t e s  ( J a c k s o n  
a r id  Z e y ,  1973; N e u s s e n  et a l . , 1 98 3 ) ,  a l t h o u g h  o t h e r  i n v e s t i g a t o r s  
p r e s e n t  e v i d e n c e  t h a t  d i s p u t e s  t h i s  c o n t e n t i o n  f Basem an et al., 
1979,  B o e h n n g e r  et al. , 1984; Pe nn  et ai . , 1985) .
T h e  o u t e r  m e m b ra n e  has a f i n e  s t r u c t u r e  w h ic h  v a r i e s  f r o m  b e i n g  
s m o o th  a n d  n o n - t e x t u r e d  in  Spirochaeta stenos:repta ( H o l t .  1978) 
t o  a m o r p h o l o g i c a l l y  c o m p le x  l a y e r .  A n o n - c u i t i v a b i e  o r a l  
s p i r o c h a e t e  a s s o c ia te d  w i t h  u l c e r a t i v e  g i n g i v i t i s  nas b ee n  d e s c r i b e d  
as h a v i n g  a " p i n s t r i p e d "  s h e a th  ( L i s t g a r t e n  an d  S o c r a n s k y ,  1964) ,  
w h i l e  t h e  s h e a th s  or Spirochaeta aurant la, Trep.-nema micrcdent ium 
a n d  t h e  o r a l  t r e p o n e m e  E21 a r e  a r r a n g e d  in  p o l y g o n a l  s u b u n i t s
( H o l t ,  1978;  M asuda  a n d  K a w a t a ,  1 98 2 ) .  T h e  o u t e r  e n v e lo p e  o f
Barrel ia s p e c ie s  la c k s  s t r u c t u r a l  d e t a i l  ( H o l t ,  1978).
T h e r e  a r e  no k n o w n  f u n c t i o n s  a s c r i b e d  to  t h e  o u t e r  s h e a th  ( H o l t ,
1 9 7 8 ) ,  b u t  s u g g e s t i o n s  t h a t  i t  c o u l d  p l a y  a r o le  in ce l l  m o t i l i t y  h a v e
b e e n  m ade  ( C a n a le - P a r o l a ,  1 9 7 8 ) .  T h e  o u t e r  s h e a th  m ay  be  a n a lo ­
g o u s  t o  t h e  o u t e r  m e m b r a n e  o f  g r a m - n e g a t i v e  b a c t e r i a
( C a n a l e - P a r o l a ,  1984; J o s e p h  et al. , 1973; M a s u d a  a n d  K a w a t a ,
1 9 8 2 ) ,  in  w h i c h  c ase  i t  c o u l d  f u n c t i o n  in  c h e m o t a x is  ( C a n a l e - P a r o l a ,  
1 9 7 8 ) ,  h y d r o l y t i c  e n z y m a t i c  p r o c e s s e s  ( H o l t ,  197 8 ) ,  as w e l l  as 
t r a n s p o r t  o f  im p e r m e a b le  c o m p o n e n t s  i n t o  t h e  p r o t o p la s m i c  c y l i n d e r  
( C a n a l e - P a r o l a ,  1978) .
S in c e  t h e  o u t e r  s h e a th  is t h e  m o s t  e x t e r n a l  l a y e r  o f  a s p i r o c h a e t e ,  
h o s t  d e f e n c e  m e c h a n is m s  a r e  p r o b a b l y  d i r e c t e d  a g a in s t  t h i s  m e m ­
b r a n e  ( J o h n s o n ,  197 7 ) ,  a l t h o u g h  Pe nn  et al. (1985 )  h a v e  e v i d e n c e  
w h i c h  r e f u t e s  t h i s .  H a m s t e r s  im m u n iz e d  w i t h  p u r i f i e d  s h e a th  m a t e ­
r i a l ,  a r e  p r o t e c t e d  a g a i n s t  l e th a l  d o s e s  o f  Leptospira interrogans 
canicola w h i l e  s w i r e ,  p r e v i o u s l y  e x p o s e d  t o  h o m o lo g o u s  7 .  
hyodysettertae s t r a i n s  a r e  r e s i s t a n t  t o  r e i n f e c t i o n  ( J o e n s  et a l . ,
1 9 8 3 ) .  P a th o g e n ic  Sorrel is a n d  Treponema s p e c ie s  a r e  a lso  
im m o b i l i z e d  a n d  k i l l e d  b y  a n t i b o d y - c o m p l e m e n t  s y s t e m s ,  p r o b a b l y  
r e a c t i n g  w i t h  s h e a th  c o m p o n e n ts  ( J o h n s o n ,  1977) .  W a s s e m a n  a n t i ­
b o d ie s  f o r m e d  d u r i n g  t h e  e a r l y  s t a g e s  o f  s y p h i l i s  a r e  p r o d u c e d  
a g a i n s t  c a r d i o i i p i n  m o ie t ie s  p r e s e n t  in  t h e  c u t e r  m e m b ra n e  o f  a 
n u m b e r  o f  t r e p o n e m e s  ( J a c k s o n  a n d  Z e y ,  1973) a n d  a r e  t h u s  r e l a ­
t i v e l y  n o n - s p e c i f i c .  S p e c i e s - s p e c i f i c  s h e a th  p o l y s a c c h a r i d e  a n t i g e n s  
h a v e  bee n  d e t e c t e d  in  s e v e r a l  Treponema s p e c ie s  ?nd  c o u l d  be  u s e d  
in a c l a s s i f i c a t i o n  s y s t e m  s im i l a r  to  t h a t  u s e d  in t h e  i d e n t i f i c a t i o n  
o f  Salmonel la se ro type* .  ( J a c k s o n  a n d  Z e y ,  1973) .  R e c e n t l y ,  f o u r  
s e r o t y p e s  o f  T. hyodysenteriae w e r e  i d e n t i f i e d  ( M a p o t h e r  a n d  J o e n s ,  
198 5 ) .
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( H o i t ,  1978;  M a su d a  a n d  K a w a t a , 198 2 ) .  T h e  o u t e r  e n v e lo p e  o f  
Borrnlia sp e c ie s  la c k s  s t r u c t u r a l  d e t a i l  ( H o l t ,  197 8 ) .
T h e r e  a re  no k n o w n  f u n c t i o n s  a s c r i b e d  t o  t h e  o u t e r  s h e a th  ( H o l t ,  
1 9 7 8 ) ,  b u t  s u g g e s t i o n s  t h a t  i t  c o u l d  p l a y  a r o le  in ce l l  m o t i l i t y  h a v e  
b e e n  m ade  ( C a n a l e - P a r o l a ,  1 9 7 8 ) .  T h e  o u t e r  s h e a th  m ay  be  a n a lo ­
g o u s  t o  t h e  o u t e r  m e m b ra n e  o f  g r a m - n e g a t i v e  b a c t e r i a  
(C a n a .  P a ro la ,  1984; J o s e p h  et al. , 1973;  M a su d a  a n d  K a w a ta ,
1 9 8 2 ) ,  in  w h i c h  c ase  i t  c o u l d  f u n c t i o n  in  c h e m o t a x i s  ( C a n a ie - P a r o l a ,
1 9 7 8 ) ,  h y d r o l y t i c  e n z y m a t i c  p r o c e s s e s  ( H o l t ,  197 8 ) ,  as w e l l  as 
t r a n s p o r t  o f  im p e r m e a b le  c o m p o n e n ts  i n t o  t h e  p r o t o p la s m i c  c y l i n d e r  
(C a n a le - P =  r o la ,  1978) .
S in c e  t h e  o u t e r  s h e a th  is t h e  m o s t  e x t e r n a !  l a y e r  o f  a s p i r o c h a e t e ,  
h o s t  d e f e n c e  m e c h a n is m s  a r e  p r o b a b l y  d i r e c t e d  a g a i n s t  t h i s  m em ­
b r a n e  ( J o h n s o n ,  1977) ,  a l t h o u g h  Pe nn  et aJ. (1985 )  h a v e  e v i d e n c e  
w h i c h  r e f u t e s  t h i s .  H a m s t e r s  im m u n iz e d  w i t h  p u r i f i e d  s h e a th  m a te ­
r i a l ,  a r e  p r o t e c t e d  a g a i n s t  l e th a l  dose s  o f  Leptospira interrogans 
canicola w h i l e  s w m e ,  p r e v i o u s l y  e x p o s e d  t o  h o m o lo g o u s  T. 
hyodyser.teriae s t r a i n s  a re  r e s i s t a n t  t o  r e i n f e c t i o n  ( J o e n s  e f  al. ,
198 3 ) .  P a th o g e n ic  Borrelia a n d  Treponema s p e c ie s  a r e  a lso  
im m o b i l i z e d  a n d  k i l l e d  b y  a n t i b o d y - c o m p l e m e n t  s y s t e m s ,  p r o b a b l y  
r e a c t i n g  w i t h  s h e a th  c o m p o n e n ts  ( J o h n s o n ,  197 7 ) .  W asse rm a n  a n t i ­
b o d ie s  f o r m e d  d u r i n g  t h e  e a r l y  s t a g e s  o f  s y p h i l i s  a r e  p r o d u c e d  
a g a i n s t  c a r d i o h p i n  m o ie t ie s  p r e s e n t  in  t h e  o u t e r  m e m b ra n e  o f  a 
n u m b e r  o f  t r e p o n e m e s  ( J a c k s o n  a n d  Z e y ,  1973) a n d  a r e  t h u s  r e l a ­
t i v e l y  n o n - s p e c i f i c .  S p ec ies  - s p e c i f  ic s h e a th  p o l y s a c c h a r i d e  a n t i g e n s  
h a v e  bee n  d e t e c t e d  in  s e v e r a l  Treponema s p e c ie s  a n d  c o u l d  b e  u s e d  
in a c la s s i f i c a t i o n  s y s t e m  s im i l a r  t o  t h a t  u s e d  in  t h e  i d e n t i f i c a t i o n  
o f  SalmoneJ la s e r o t y p e s  ( J a c k s o n  a n d  Z e y ,  1973) .  R e c e n t l y ,  f o u r  
s e r o t y p e s  o f  T. hyodyspnter i/m w e r e  i d e n t i f i e d  ( M a p o t h e r  a n d  J o e n s ,  
1985) .
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1 . 2 . 3  P r o t o p l a s m i c  C y l i n d e r
T h e  p r o t o p la s m i c  c y l i n d e r  e n c o m p a s s e s  t h e  ce i l  w a l l , t h e  c y t o p la s m i c  
m e m b r a n e  a n d  t h e  e n c lo s e d  c y t o p la s m i c  c o n t e n t s  ( H o l t ,  197 8 ) .  
T r e p o n e m e s  d e v o i d  o f  t h e i r  ce l l  e n v e lo p e  r e t a in  t h e i r  s p i r a l  s h a p e ;  
a p r o p e r t y  t h a t  has b e e n  a t t r i b u t e d  t o  t h e  c o m p o s i t i o n  o f  t h e  r i g i d  
p e p t i d o g l y c a n  in  t h e  ce l l  w a l l  ( J a c k s o n  a n d  Z e y ,  1 9 7 3 ) ,  w h i c h  e v e n  
r e t a i n s  i t s  c o i le d  c o n f i g u r a t i o n  w h e n  in  a p u r i f i e d  s t a te  
( C a n a l e - P a r o l a , 1978; J o s e p h  e r  a l . , 197 3 ) .  T h e  d i r e c t i o n  o f
c c i l i n g  c o u l d  b e  a s t a b le  i d e n t i f y i n g  c h a r a c t e r i s t i c ,  s in c e  Treponema 
denticola. Treponema phagedenis a n d  Treponema refringens a r e  al l  
r i g h t - h a n d e d  h e l i c e s ,  w h i l e  Treponema pallidum a n d  Treponema 
paralu is-cuniculi a r e  l e f t - h a n d e d  h e l i c e s  ( S t e p a n  a n d  J o h n s o n ,
1 9 8 1 ) .  T h e  s p t r v i  c o n f i g u r a t i o n  o f  s p t r o c h a e t e s  is t o s t  i f  t h e y  a r e  
t r e a t e d  w i t h  l y s o z y n e ,  p e n i c i l l i n  o r  o t h e r  a g e n t s  t h a t  a f f e c t  t h e  i n ­
t e g r i t y  o r  s y n t h e s i s  o? t h e  p e p t i d o g l v c a n  l a y e r  ( C a n a l e - P a r o l a , 1978; 
J o s e p h  et al., 1 97 3 ) .  A s  in  o t h e r  p r o k a r y o t e s ,  t h e  ce l l  w a l l  c o n ­
t a i n s  b o t h  m u r a m ic  a c id  a n d  N - a c e t v i -  g lu c o s a m in e  ( J a c k s o n  a n d  Z e y ,  
1 9 7 3 ) ,  a l t h o u g h  w i t h  t h e  e x c e p t i o n  o f  Leptospira s p e c ie s ,  t h e
s p i r o c h a e t e  p e p t i d o g l y c a n  is d i s t i n c t i v e  in  t h a t  o r n i t h i n e  r e p la c e s  
t h e  d i a m in o p t m e h c  a c id  a n d  l y s i n e  c o m p o n e n ts  ( J o h n s o n ,  1977;  1981; 
J o s e p h ,  et a l . , 1973; U m em to ,  et al. , 1931) .  U n l i k e  o t h e r
g r a m - n e g a t i v e  b a c t e r i a ,  t h e  p e p t i d o g l y c a n  o f  7. pallidum ( k a z a n )  
la c k s  im m u n o a d ju v a n c t  a c t i v i t y  in  g u i n e a  p i g s ,  a l t h o u g h  i t  doe s  a c ­
t i v a t e  hu m a n  c o m p le m e n t  ( U m e m o t i ,  et a l . , 1981) .
T h e  p e p t i d o g l y c a n  l a y e r  is j o i n e d  to  an i n n e r  c y t o p la s m i c  m e m b r a n e ,
w h i c h  is m o r p h o lo g i c a l l y  s im i l a r  t o  t h a t  f o u n d  in o t h e r  b a c t e r i a l  ce l ls
( H o l t ,  1978) .  T h e  c y t o p la s m i c  m e m b ra n e  o f  s p i r o c h a e t e  c e l l s  has 
n e v e r  bee n  p u r i f i e d  o r  c h a r a c t e r i z e d  ( H o l t ,  1978) ,  a l t h o u g h  K a w s ta  
(196 7 a )  has r e p o r t e d  t h e  p r e s e n c e  of  a ,  a n d  b c y t o c h r o m e s  in  t h i s  
m e m b r a n e .
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T h e  c y t o p la s m  o f  s p i r o c h a e t e s  c o n t a i n s  r ib o s o m e s  a n d  mesosomes 
( H o v i n d - H o u g e n ,  1976a; P i l l o t  a n d  R y t e r ,  1965;  S m i b e r t ,  197 3 ) .  
A g g r e g a t e s  o f  f i n e  f i b r i l s  o r  m i c r o t u b u l e s  h a v e  a lso  b ee n  o b s e r v e d  
in  t h e  c y t o p la s m  o f  s e v e r a l  s p i r o c h a e t e s  ( H o v m d - H o u g e n ,  19 7 6 a ), 
w i t h  s ix  t o  e i g h t  o f  t h e s e  f i b r i l s  a s s o c ia t e d  t o g e t h e r  in  a 
s p e c i e s - d e p e n d e n t ,  v a r i a b l e  n u m b e r  o f  c l u s t e r s  ( H o l t  1 9 7 8 ). T h e s e  
f i b r i l s  m ay be  o f  t a x o n o m ic  v a l u e  s in c e  t h e y  h a v e  b ee n  o b s e r v e d  in 
m o s t  m e m b e rs  o f  t h e  Treponema g e n u s ,  b u t  n o t  in  l e p t o s p i r e s  o r  
b o r r e l i a s  ( H o v m d - H o u g e n ,  1976a; 1976b;  C a n a le - P a r o la ,  1984) .
N u c l e a r  r e g io n s  can  be  seen as d e l i c a t e  s t r a n d s  in  le ss d e n s e  a reas  
o f  t h e  cyto p lasm  ( L i s t g a r t e n  a n d  S o c r a n s k y ,  1964; P i l i o t  a n d  R y t e r ,  
1965; S m i b e r t ,  1973) .  E x t r a n u c l e a r  p la s m id  D N A ,  r e c e n t l y  d e t e c t e d  
in  p a t h o g e n i c  Sorrel i3 s p e c ie s  a n d  T. pallidum, has  c a u s e d  c o n c e r n  
a b o u t  p o t e n t i a l  e m e r g e n c e  o f  extrachrom osom a I ly  m e d ia te d  r e s i s t a n c e  
t o  a n t i b i o t i c s  ( H y d e  a n d  Jo h n so n , 1984; N o r g a r d  a n d  M i l l e r ,  1 98 1 ) .  
T h e  p r e s e n c e  o f  b a c t e r i o p h a g e - 1 1 ke  p a r t i c l e s  in Treponema, 
Spirochaeta an d  Leptospira c u l t u r e s ,  f u r t h e r  s u g g e s t s  t h a t  g e n e tic  
e x c h a n g e  b e t w e e n  s p i r o c h a e t e s  c o u l d  e x is t ,  a l t h o u g h  no  such s y s t e m  
has  as y e t  been r e c o g n i z e d  { H a r w o o d  a n d  C a n a le -P a  r o l a , 1984;
L e w i n , I 9 6 0 ) .
1 2 .4  P e n p la sm ic  F lageU a
P e n p ia s m i c  f i a g e l i a  ( p e n p l a s m i c  f i b r i l s ,  a x ia l  f i b r i l s )  a re  s t r u c t u r a l l y  
a n d  c h e m ic a l l y  sim ila r to p r o k a r y c t i c  f l a g e i l a ,  c o m p r i s i n g  o f  t w o  b a s ic  
s t r u c t u  ra l c o m p o n e n t s ,  a s h a f t  o r  f i l a m e n t o u s  p o r t i o n  a n d  an  i n ­
s e r t i o n  a p p a r a t u s  ( H o l t ,  1978) .  T h e  s h a f t  v a r i e s  f r o m  1 5 -25n m  in 
d i a m e t e r  a n d  con sis ts  o f  a c o r e  s u r r o u n d e d  b y  a non  - s t r i a t e d  s h e a th  
( C a n a le - P a r o la ,  1978; J o s e p h  a n d  C a n a le -  P a r o l a , 1972;
H o v i n d - H o u g e n ,  1976a) .  T h e  i n s e r t i o n  a p p a r a t u s  is 40nm  w i d e  
( L i s t g a r t e n  an d  S o c r a n s k y ,  1964) a n d  is d if fe r e n t ia te d  i n t o  a
p r o x i m a l  h o o k  t o g e t h e r  w i t h  a n u m b e r  o f  i n s e r t i o n  d i s c s  ( H o l t ,  
1 9 7 8 ) .  A s in g l e  p a i r  o f  r i n g s  is f o u n d  in  Barrel ia, Spirochaeta an d  
Treponema s p e c ie s ,  w h i l e  l e p t o s p i r e s  ( w i t h  t h e  e x c e p t i o n  o f  
Leptospira illivi ( F a in e  a n d  S t a l lm a n ,  198 2 ) )  h av e  a s e r ie s  o f  d i s c s
s im i l a r  t o  t h o s e  p r e s e n t  on  t h e  f l a g e l l a  o f  g r a m - n e g a t i v e  b a c t e r i a
( J o h n s o n .  197 7 ) .  C h e m i c a l l y ,  t h e  p e n p l a s m i c  f l a g e l l a  a r c  c o m p r is e d  
o f  p r o t e i n  w i t h  a s im i l a r  a m m o  a c id  c o m p o s i t i o n  to  t h a t  o f  e u b a c t e r i a l  
f l a g e l l i n  ( B h a n e r  a n d  A l l i s ,  1974; H o l t ,  1 97 8 ) .  T h e  s t r u c t u r a l  
s im i l a r i t i e s  b e t w e e n  p e n p l a s m i c  f i b r i l s  a n d  b a c t e r i a l  f l a g e l l a , s u g g e s t  
t h a t  t h e s e  o r g a n e l l e s  h a v e  s im i l a r  o r  a n a lo g o u s  f u n c t i o n s .  F u r ­
t h e r m o r e ,  d r u g s  s u c h  as s e r o t o n i n  a n d  a t r o p i n e  s u l p h a t e ,  w h ic h  
a f f e c t  t h e  m o t i l i t y  o f  f l a g e l l a t e d  b a c t e r i a ,  a lso  i n h i b i t  t h e  m o v e m e n t  
o f  s p i r o c h a e t e s ,  i n f e r r i n g  t h a t  a common m e c h a n is m  o f  m o t i l i t y  m ay 
b e  i n v o l v e d  ( C a n a l e - P a r o l a , 1977)  .
T h e  p e n p l a s m i c  f i a g e l i a  a re  in s e r te d  in to  a d e p r e s s i o n  in  t h e  
p r o t o p la s m i c  c y l i n d e r  n e a r  t h e  te rm in a l e n d  o f  th e  cell a n d  e x t e n d  
t o w a r d s  t h e  o p p o s i t e  po le  o f  t h e  c e l l ,  u s u a l l y  o v e rla p p in g  at  t h e  ce l l  
c e n t e r  ( H o l t ,  1978) .  T h e  n u m b e r  o f  f i b r i l s  p e r  cell v a n e s  f r o m  t w o  
v'= h u n d r e d s ,  w i t h  Leptospira a n d  Spire .haeta s p e c ie s  h a v i n g  o n l y  
one p e n p l a s m i c  f i b r i l  i n s e r t e d  a t  each  po'e  o f  t h e  c e l l .  Treponema 
s p e c ie s  c o n t a i n i n g  o n e  to  ten  a x ia l f i b r i l s  o r ig in a tin g  a t  each  p o le  
a n d  Bor re 1 ia s p e c ie s  w i t h  t *n  to t w e n t y  p e n p l a s m i c  f i a g e l i a
( S m i b e r t ,  1973) .  M e m b e rs  o f  t h e  Crist ispira g e n u s  h av e  m o re  t h a n
a h u n d r e d  p e n p la s m ic  f ib r i ls  a g g r e g a t e d  t o g e t h e r  to  f o r m  t h e  
" e n s t u s "  o r  la te ra l r id g e  c h a ra c te r is t ic  o f  t h i s  g e n u s  ( S m i b e r t ,
1973) .
1 . 2 , 5  M o t i l i t y
A l t h o u g h  m a n y  atte m p ts  h av e  bee n  m ade to  in te rp re t  t h e  m echanism s
o f  s p i r c c h a e t e  m o v e m e n t ,  l i t t l e  is k n o w n  a b o u t  t h e  m o t i l i t y  o f  t h e s e
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p r o k a r y o t e s .  S p i r o c h a e t e s  e x h i b i t  t h r e e  t y p e s  o f  m o v e m e n ts  in  l i q u i d  
e n v i r o n m e n t s ;  t r a n s l a t i o n a l  m o t i o n ,  r o t a t i o n  a b o u t  t h e i r  lo n g  - 'x is  
( c o r k s c r e w i n g )  a n d  f l e x i n g ,  w h i c h  in c lu d e s  a n u m b e r  o r  m o t io n s  
s u c h  as b e n d i n g  o f  t h e  ce l l  n e a r  t h e  e n d s  o r  t h e  m id d l e ,  lo o p in g , 
l a s h i n g  o r  v i b r a t i n g  ( C a n a le - P a r o l a ,  1 9 7 8 ) .  F r e q u e n t l y  a f te r  f l e x ­
i n g ,  t h e  ce l l  w i l l  r e s u m e  t r a v e l  in  a ne w  d i r e c t i o n .
T r a n s l a t i o n a l  m o v e m e n t  o f  s p i r o c h a e t e s  is e n h a n c e d  in v i s c o u s  en 
v i r o n m e n t s  ( G r e e n b e r g  a n d  C a n a le  ■ P a r o t a , 1977;  L ee ,  1980)  and  t h e  
a b i l i t y  t o  m ove  t h r o u g h  s u c h  e n v i r o n m e n t s  m ay c o n f e r  s e l e c t i v e  a d ­
v a n t a g e s  on  t h o s e  s p i r o c h a e t e s  i n h a b i t i n g  a reas  s u c h  as t h e  g i n g i v a l  
c r e v i c e ,  m ucosa  e p i t h e l i u m ,  c r y s t a l l i n e  s t y l e  o f  m o l l u s c s ,  t e r m i t e  g u t  
c o n t e n t s  an d  r u m e n  f l u i d s  ( C a n a le -P a  r o l a , 1978) .  F u r t h e r m o r e ,  
io m e  s p i r o c h a e t e s  e x h i b i t  a p o s i t i v e  t a x i s  t o w a r d s  v i s c o u s  m i l ie u x  
( P e t r i r o  a n d  D o e ts c h ,  1978).
S e v e ra l  m ode ls  h a v e  b ee n  p r o p o s e d  to  e x p l a i n  s p i r o c h a e t e  m o t i l i t y ,  
a n d  t h e s e  a r e  d e s c r i b e d  in d e t a i l  in a r e v ie w  b y  C a n a le -P a  ro la  
( 1 9 7 8 ) .  T h e  m o s t  c o m p r e h e n s i v e  a n d  a c c e p te d  m o d e l ,  is t h a t  p r o ­
p o s e d  b y  B e r g ,  w h o  assum es  t h a t  t h e  p r o t o p la s m i c  c y l i n d e r  is 
s e m i r i g i d ,  t h e  p e r i p l a s m i c  f i b r i l s  ro ta te  in  a m a n n e r  a n a lo g o u s  to  
b a c t e r i a l  f l a g e l l a  a n d  t h a t  t h e  o u t e r  s h e a th  is f l e x i b l e  a n d  i n v o l v e d  
in  m o t i l i t y .  In  t h i s  m o d e l ,  i t  is p r o p o s e d  t h a t  t h e  p e r i p la s m ic  f i b r i l s  
r o t a t e ,  a n d  in d o i n g  so c ause  t h e  r o t a t i o n  o f  t h e  h elical p r o t o p la s m i c  
c y l i n d e r  w i t h i n  t h e  o u t e r  s h e a th .  A c h a n g e  in  t h e  d ire c tio n  o f  r o ­
t a t i o n  o f  t h e  f i b r i l s  is a c c o m p a n ie d  b y  a ch a n g e  in t h e  d i r e c t i o n  o f  
ro ta tio n  o f  t h e  p e rip la s m ic  c y l i n d e r .  A c c o rd in g  t o  t h i s  m o d e ' ,  t h e  
h e l i c a l  ce l l  r o ta te s  a b o u t  i t s  l o n g i t u d i n a l  a x i s  a n d  m oves  a lo n g  b y  
s c r e w i n g  i t s  w a y  t h r o u g h  t h e  h q u i d  e n v i r o n m e n t  ( C a n a l e - P a r o l a , 
1 9 7 8 ) ,
1 . 2 . 6  C e l l  D i v i s i o n
I
S-" 19 2 D i*g r«m m «1 ic  re p re s e n ta t io n  o t s p iro c h e e te  c e ll d iv is io n .
A m e tu re  c e ll,  B end C to rm e t io n  o f new  p e r ip la s m ic  
l le g e l le , D c o m tn c t io n  o f p ro to p la s m ic  c y l in d e r .  E c o n ­
s t r ic t io n  o f o u te r  she a th  F n e w ly  d iv id e d  s p ir o r  h a e te s .
S p i r o c h a e t e s  d i v i d e  b y  t r a n s v e r s e  b i n a r y  f i s s io n  ( L i s t g a r t e n  an d  
S o c r a n s k y ,  1964).  E a r l y  in t h e  d i v i s i o n  p r o c e s s ,  b e f o r e  any  
c y t o l c g i c a l  s ig n s  o f  ce l l  d i v i s i o n ,  new p e r ip la s m ic  f la g e l la  a re  fo r m e d  
at a r e g io n  s l i g h t l y  s u b t e r m m a l  t o  t h e  d i v i s i o n  p la n e  a t h e  c e n te r  
o f  t h e  m o th e r  ce l l  ( H o l t ,  197° H o v i n d - H o u g e n ,  1976).  When t h e s e  
f t !  r i l s  a re  c o m p le te l y  f o r m e d ,  c o n s t r i c t i o n  o f  t h e  p r o t o p la s m i c  c y l ­
i n d e r  b e g in s  a lo n g  a p la n e  m id w a y  b e tw e e n  t h e  n e w ly  s y n t h e s i z e d  
p e r ip la s m ic  f ib r ils  ( H o l t ,  1978).  O u t e r  sheath  c o n s t r i c t i o n  com- 
mences o n ly  w hen c o n s tric tio n  of th e  protoplasm ic c y lin d e r  is com-
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p l e t e d  ( H o v i n d - H o u g e n ,  1976; L i s t g a r  te n  a n d  S o c r a r s k y , 1 9 6 4 ) .
T h e  p e r i p la s m ic  f l a g e l l a  o f  t h e  m o t h e r  ce l l  p ass  a c r o s s  t h e  d i v i s i o n  
p l a n a ,  a n d  p r o t r u d e  f r o m  t h e  n e w ly  d i v i d e d  c e l l s .  T h e  e x t e n d i n g  
f i b r i l s  a re  s u r r o u n d e d  b y  a s le e v e  o f  m a t e r i a l  c o n t i n u o u s  w i t h  t b 1* 
o u t e r  e n v e lo p e  a n d  t h e  o r g a n i s m  < L i s t g a '  t en  a n d  S o c r a n s k y ,  1 96 4 ) .  
T h e s e  e x t e n t i o n s  a r e  t e m p o r a r y  a n d  a re  p r o b a b l y  d e g r a d e d  b y  c e l ­
l u l a r  e n z y m e s .  T h e  d i v i s i o n  p r o c e s s  is p r e s e n t e d  d ia g  a m m a t i c a l l y  
in F i g . 2.
1 . 2 . 7  C l a s s i f i c a t i o n
In  B e r g e y ' s  M a n u a l  o f  S y s t e m a t i c  B a c t e r i o l o g y ,  t w o  f a m i l i e s ,  t h e  
Spirochaetaceae a n d  Leptospiraceae a r e  r ' c o g n i z e d  as m e m b e rs  o f  
' h e  Spirochaetales o r d e r  ( C a n a l e - P a r o l a , 198 4 ) .  T h e
Spirochaetacsae f a m i l y  e n c o m p a s s e s  f o u r  g e n e ra  - Sr ;rochaeta. 
Treponema, Sorrel ia a n d  Cnstispira, w h i l p  t h e  Leptospiraceae fam  ' /  
o n l y  c o n t a i n s  t h e  .Leptospira g e n u s  ( J o h n s o n  ? n d  P a in e ,  198-*).  
C h a r a c t e r i s t i c s  o f  each  g e n u s  as d o c u m e n t e d  in S e r g e y  s M a n u a l  o f  
S s+e m a t ic  B a c te n o lo c ,  /  a re  l i s t e d  in  T a b l e  1
T h i s  c i a s i i * i r a t i o n  schem e  is s im i l a r  t o  t h a t  p u b l i s h e d  in  t h e  8 t h  
e d i t i o n  o f  B e r g e y ' s  M a n u a l  o f  D e t e r m i n a t i v e  B a c t e r i o l o g y  ( S m i b e r t ,
1 97 4 ) .  w h e r e  c r i t e r i a  s u c h  as ce l l  - l e n g t h , r e l a t i o n s h i p  t o  o x y g e n  a n d  
o c c u r r e n c e  in  n a t u r e  was u s e d  t o  d i f f e r e n t i a t e  b e t w e e n  g e n e r a .  
T h e  w e i g h t  g i v e n  'o  t h e  e n v i r o n m e n t  f r o m  w h ic h  t h e  o r g a n i s m  w as  
i s o la t e d ,  m eans t h a t  c l a s s i f i c a t i o n ,  e v e n  to  t h e  g e n u s  l e v e l ,  is im ­
p o s s i b le  i f  t h e  h a b i t a t  f r o m  w h i c h  t  ie  o r g ^ n l s m  was i s o la t e d  is u n ­
k n o w n  ( S m i b e r t ,  1 9 7 6 b ) .  F u r t h e r m o r e ,  s i n c e  b o t h  b o r r c U a s  a n d  
p a t h o g e n ic  t re p o n e m e s  a r e  c l a s s i f i e d  to  t h e  s p e c ie s  le v e l  a c c o r d i n g  
to  t h e  v e c t o r s  w h i c h  t r a n s m i t  t h e m  a n d  t h e  d i s e a s e  le s io n s  t h e y  
c a u s e  (H o v in d -H o u g e n , 1 976a) ,  i t  is l i k e l y  t h a t  a p a r t i c u l a r  s p e c ie s  
m ay  h a v e  m o re  th a n  o n e  name.  T h e  f i n d i n g  t h '  T . pallidum ( t h e
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a g e n t  o f  b o t h  v ene rcM l  a n d  e n d e m ic  s y p h i l i s )  a n d  Treponema pertenue 
( t h e  e t i o l o g i c a l  a g e n t  o f  y< iw s ) a r e  g e n e t i c a l l y  i n d i s t i n g u i s h a b l e  ( 1 0 0 % 
D M A  h o m o l o g y ) (M iao  a n d  F l e i d s t e e l , 1080) ,  has  le d  t o  t h e i r  c l a s s i ­
f i c a t i o n  as s u b s p e c ie s  o f  each  o t h e r  ( 1-1 2 . T. pallidum s u b s p e c ie s  
pallidum a n d  T. pallidum s u b s p e c ie s  perter.ue), w h 11 •_ t h e  a g e n t  o f  
e n d e m ic  s y p h i l i s  has  b e e n  c l a s s i f i e d  as 7 .  pallidum s u b s p e c ie s  
endemic: m) . T h e  p m t a  a g e n t  has r e t a i n e d  i t s  s p e c ie s  name o f  
7r ofKjrit'm.i cjratcum, a l t h o u g h  i t  m ay y e t  p r o v e  to  be  a s u b s p e c ie s  
o f  T. palliaua: ( C a n a l <• Par ola ,  1984) , T h e s e  f i n d i n g s  s u p p o r t  t h e  
t h e u r >  t!i<.it t h e  f o u r  t r e p u n e m a to s e s  r e c o g n i z e d  on p a t h o l o g i c a l  a n d  
c l i n i c a l  e v i d e n c e ,  a r e  cat  sed b y  o n e  o r g a n i s m  w i t h  e n v i r o n m e n t a l  
i n f l u e n c e s  d i c t a t i n g  t h e  c l i n i c a l  s y m p to m s  ( B r o t h w e l l , 1981) .  T h e
sck  o f  ON A "iomology b e t w e e n  T pallidum a n d  e i t h e r  Treponema 
is ( b i o i y p e  K e i t e r )  o r  Trvponema re f r m^ens, ( b i o t y p e  
N . ig u u c h W  i M f .10 .Hid f i e l d s t v e i ,  1978, i 980 )  t o g e t h e r  s\ : t h f i e  l a r g e  
d i s c r u ,  d f i c y  in  ( . " C  i n . ' 1 r a t i o ,  b e t w e e n  t h *  non  - c u i t i v a t a b l e
p a t h o g e n i c  t re p o n e m e s  (52-53%) a n d  t h e  c u l t i v a t a b l e  h o s t  a s s o c ia te d  
t r e p o n e m e s  (43%) s u g g e s t s  t h a t  t h e y  c o u l d  b e l o n g  t o  d i f f e r e n t  
g e n e r a .
In  a d d i t i o n  t o  t h e  f i v e  r e c o g n i z e d  g e n e r a ,  l a r g e  s p i r o c h a e t e - l i k e  
b a c t e r i a  p o s s e s s in g  a s h e a t h ,  p e r i p l a s m ic  f i b r i l s ,  a h e l ic a l  
p r o t o p l a s m i c  c y l i n d e r  a n d ,  in a d d i t i o n ,  f l a g e l l a - l i k e  a p p e n d a g e s  e x ­
t e n d i n g  f r o m  each  po le  h a v e  b ee n  d e s c r i b e d  in  t h e  h i n d - g u t s  o f  
v a r i o u s  x y l o p h a g o u s  in s e c ts  ( M a r g u l i s  et al.. 1981; T o ,  et al., 
1 9 7 8 a ) .  T h e  g e n e r i c  names Pillozina, Hollandina, Diplocalyx a n d  
C level and ina h a v e  been p r o p o s e d  f o r  t h e s e  b a c t e r i a  ( H o l l a n d e  an d  
G h a r a n o z l o u ,  1967; M a r g u l i s  et al., 1 98 1 ) .  H o w e v e r ,  s in c e  t h e s e  
o r g a n i s m s  h a v e  n o t  been  is o la t e d  in  p u r e  c  e ,  n o r  t h e  names
v a l i d l y  p u b l i s h e d ,  t h e y  h a v e  n o t  y e t  b ee n  tc  y  a s s i g n e d  to  t h e
Spirochaetales  o r d e r  ( B r e r n a k ,  1 9 8 4 ) .  T h e  c la s s . f i c a t i o n  s y s t e m  
p r o p o s e d  b y  H o v i n d - H o u g e n  (1976a )  a n d  m o d i f i e d  b y  T o  et al., 
( 1 9 7 8 a )  doe s  a c com oda te  t h e s e  s p i . o c h a e t e s .  In  t h i s  s y s t e m ,  t h e  
s p i r o c h a e t e  p h y l u m  is s u b d i v i d e d  i n t o  t h r e e  c la s s e s ,  t h e  
Spirochaetales, t h e  Cristispirales a n d  t h e  Leptospirales. T h e  
Spirochaeta, Treponema a n d  t h e  Borrelia g e n e r a  a r e  m e m b e rs  o f  t h e  
Spirochaetales c la s s ,  w h i l e  t h e  Crist is,pira, Pillotina, Diplocalyx 
a n d  Hoi landina g e n e r a  a r e  m e m b e rs  o f  t h e  Crist ispirales c la s s .  
T h e  Leptospirales c la ss  is a lso  d i v . d e d  i n t o  t w o  g e n e r a ,  t h e  
Leptospira a n d  t h e  Leptonema ( T o  et si., 1 9 7 8 ) .  A l t h o u g h  Leptonema 
w as c o n s i d e r e d  f o r  in c lu s i o n  as a s e c o n d  g e n u s  in t h e  Leptospiraceae 
f a m i l y  in B e r g e y ' s  M anua l  o f  S y s t e m a t i c  B a c t e r i o l o g y , t h e  s u b c o m ­
m i t t e e  on  t h e  ta x o n o m y  o f  Leptospira ( I C S B )  deem ed t h a t  i n s u f f i c i e n t  
i n f o r m a t i o n  was a v a i la b le  f o r  d e f i n i n g  t h i s  g e n u s  ( J o h n s o n  an d  
F a in e ,  1984) .  H o w e v e r ,  e v i d e n c e  is m o u n t i n g  f o r  t h e  f o r m a t i o n  o f  
t h e  Leptonema g e n u s  ( B a z o v s k a  et a l . , 19831.
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A  n u m b e r  o f  a l t e r n a t i v e  c la s s i f i c a t i o n  c r i t e r i a  f o r  t h e  i d e n t i f i c a t i o n  
o f  s p i r o c h a e t e s  h a v e  b ee n  p r o p o s e d .  L i s t g a r t e n  a n d  S c c r a n s k y  
(1 9 6 5 )  a n d  H o v i n d - H o u g e n  (19 7 6 )  h a v e  s u g g e s t e d  t h a t  s p i r o c h a e t e s ,  
a n d  m o re  p a r t i c u l a r l y  t r e p o n e m e s ,  ca n  b e  t a x o n o m ic a l l y  d i f f e r e n ­
t i a t e d  a c c o r d i n g  t o  t h e i r  e l e c t r o n  m ic r o s c o p i c  m o r p h o l o g y .  T h e y  
p o s t u l a t e  t h a t  c r i t e r i a  s u c h  as ce l l  l e n g t h ,  ce l l  w i d t h ,  n u m b e r  o f  
p e n p l a s m i c  f l a g e l l a  a n d  f i n e  s t r u c t u r e  o f  t h e  o u t e r  e n v e lo p e  c o u l d  
b e  u s e d  t o  c l a s s i f y  t re p o n e m e s  t o  t h e  s p e c ie s  le v e l .  A l t h o u g h  
m o r p h o lo g i c a l  d e s c r i p t i o n s  o f  t h i s  k i n d  m ay  t - u s e f u l  in  d i s t i n ­
g u i s h i n g  v a r i o u s  n o n - c u l t i v a b l e  s t r a i n s ,  i t  doe s  h a v e  t h e  l i m i t a t i o n  
t h a t  o r g a n i s m s  o f  s im i l a r  s t r u c t u r e  c o u l d  p r o v e  t o  be  d i s t i n c t  s p e c ie s  
w h e n  b io c h e m ic a l  d i f f e r e n t i a t i o n  becom es  fe a s ib le .
S m i b e r t  (1 9 7 6 b )  s u g g e s t s  t h a t  t h e  e n d  p r o d u c t s  o f  g l u c o s e  
f e r m e n t a t i o n  c o u l d  be u s e d  t o  i d e n t i f y  s p i r o c h a e t e s ,  s in c e  Borrelia 
s p e c ie s  p r o d u c e  o n l y  l a c ta t e  as a g r o w t h  e n d  p r o d u c t ,  w h i l e  o t h e r  
g e n e r a  f o r m  a v a r i e t y  o f  e n d  p r o d u c t s  f r o m  g l u c o s e  f e r m e n t a t i o n .  
He  a lso  s u g g e s t s  t h a t  t h e  in vitro g r o w t h  r e q u i r e m e n t s  f o r  f a t t y  
a c id s  c o u l d  be  u s e d  f o r  g e n e r i c  c l a s s i f i c a t i o n .  Spirochaeta sp e c ie s  
do  n o t  r e q u i r e  f a t t y  a c id s  f o r  i n  vitro g r o w t h ,  w h i l e  t h e  o t h e r  
g e n e r a  h a v e  f a t t y  a c id s  r e q u i r e m e n t s .
T h e  a b u n d a n c e  o f  c e l l u l a r  l i p i d s  in  t h e  Spirochaetaceae (14-30% o f  
t h e i r  d r y  w e i g h t ) ,  has le d  t o  t h e  p r o p o s a l  t h a t  l i p i d  c o m p o s i t i o n  a n d  
m e ta b o l i s m  c o u ld  be  u s e f u l  t a x o n o m ic  c r i t e r i a  ( L i v e r m o r e  a n d  
J o h n s o n ,  1974) S u g g e s t e d  p a r a m e t e r s  f o r  t h e  c l a s s i f i c a t i o n  o f  
s p i r o c h a e t e s  to  t h e  g e n e r i c  le v e l ,  t o g e t h e r  w i t h  t h e  c h a r a c t e r i s t i c s  
o f  each  g e n u s ,  a re  p r e s e n t e d  in T a b le  2. S in c e  some s p i r o c h a e t e s  
f r o m  t h e  h u m a n  o r a l  c a v i t y  a n d  f r o m  p i g  faeces  h a v e  a l i p i d  c o m ­
p o s i t i o n  a n d  m e ta b o l i s m  i n t e r m e d ia t e  b e t w e e n  t h a t  o f  t h e  Treponema 
a n d  Spirochaeta ( J o h n s o n ,  197 7 ) ,  t h e s e  h a v e  been  i n c l u d e d  in t h e  
t a b l e  as " r u m e n - f l u i d "  r e q u i r i n g  t re p o n e m e s ,  t h u s  d i f f e r e n t i a t i n g
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T a b le  2 . F a t ty  ac id  com position and m etabolism  of th e  cu ltn - _,le gen e ra  o f th e
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, MG D u has not be en  d e te c te d  m 7 p a llid u m  i M a tth e w s  #r a !  , 1979);
%Johnson. 1981;
J o h n so n  a n d  E g g e b ra te n , 1971
S ym b o ls  * .  p o s i'iv e  fo r  c h a r a c te r is t ic ,  - n e g a t iv e  fo r  c h a r a c te r is t ic ,
D. in c o n s is te n c y  of c h a r a c te r is t ic
t h e m  f r o m  t h e  s e r u m - r e q u i r i n g  f o r m s . T h e s e  t r e p o n e m e s  can s y n ­
t h e s i z e  lo n g  c h a in  f a t t y  a c id s  f r o m  s h o r t  c h a i n  m o le c u le s  s u c h  as 
i s o b u t y r i c  a n d  v a l e r i c  a c id s  ( s u p p l i e d  in r u m e n  f l u i d )  a n d  m ay  
r e p r e s e n t  a s e p a ra t e  s p i r o c h a e t e  g e n u s . S e ru m -  r e q u i r i n g
t re p o n e m e s  c o u l d  a lso  be  d i f f e r e n t i a t e d  a c c o r d i n g  to  t h e i r  l i p i d  
p r o f i l e s , s in c e  a v a i l a b le  f a t t y  a c id s  m ay  be  m o d i f i e d  p r i o r  t o  t h e  
i n c o r p o r a t i o n  o f  t h e s e  i n t o  t h e  o u t e r  e n v e lo p e .  T. pallidum c o n t a i n s  
a g r e a t e r  p r o p o r t i o n  o f  p a l m i t i c  a c id  ( 1 6 : 0 )  t h a n  t e s t i c u l a r  t i s s u e ,  
w h i c h  is r ic h  in  f a t t y  a c id s  w i t h  t w e n t y  c a r b o n  a tom s a n d  a b o v e .  
F u r t h e r m o r e ,  T. hycxiysvn*-erme ( M a t t h e w s  et a l . , 1980a) an d  T. 
pallidum ( B a r b i e n  et a l . , 1981a) may s y n t h e s i z e  t h e i r  o w n
p h o s p h o l i p i d  a n d  g l y c o l i p i d  c o m p o n e n t s . L i p i d  p r o f i l e s  <ou !d  be  
u n s u i t a b l e  f o r  t h e  c h a r a c t e r i z a t i o n  o f  t h o s e  t r e p o n e m e s  t h a t  i n c o r ­
p o r a t e  c u l t u r e  m ed ia  l i p i d s  en bloc i n t o  t h e i r  o u t e r  m e m b ra n e s  
( J o h n s o n  an d  E g g e b r a t e n ,  1971; L i v e r m o r e  a n d  J o h n s o n ,  1974).
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C l a s s i f i c a t i o n  u s i n g  f a t t y  a c id  p r o f i l e s  c o u l d  a lso  e x t e n d  b e y o n d  t h e  
g e n e r i c  le v e l .  A  s t u d y  on  t h e  c e l l u l a r  f a t t y  a c id s  o f  o r a l  
t r e p o n e m e s ,  r e v e a le d  t h a t  7. vincentii, 7. zuelzerae a n d  T. 
microdentium al l  ha d  c h a r a c t e r i s t i c  l i p i d  p r o f i l e s  ( C o h e n  et al. , 
1 97 0 ) .  7 .  pallidum is t h e  o n l y  t r e p o n e n e  t h a t  la c k s
m o n o g a l a c t o s y l d i g i y c e r i d e  ( M G D G ) ,  w h i l e  7. hyodysenteriae a n d  7.  
innocens a r e  t h e  o n l y  s p i r o c h a e t e s  t h a t  c o n t a i n  
a c y l - m o n o g a l a c t o s y l d i g i y c e r i d e  ( M a t t h e w s  a n d  K i n y o n ,  1 9 8 4 ) .  7 .
hyodysenteriae a n d  7. innocens w h i c h  w e r e  o r i g i n a l l y  c o n s i d e r e d  as 
b i o t y p e s  ( K i n y o n  a n d  H a r r i s ,  197 9 ) ,  can b e  d i f f e r e n t i a t e d  on  t h e  
b a s i s  o f  a l k e n y l  c h a in  p r o f i l e s , w i t h  14:U m o ie t ie s  p r e d o m i n a t i n g  in 
7 .  hyodysenteriae a n d  i s o - 1 5 : 0  m o ie t ie s  p r e v a i l i n g  in  7 .  innocens 
( M a t t h e w s  a n d  K i n y o n ,  198 4 ) .  A l t h o u g h  o t h e r  a s p e c ts  o f  l i p i d  
c o m p o s i t i o n ,  s u c h  as s u g a r  m o ie t y  in  g l y c o l i p i d s  a n d  t h e  p r e s e n c e  
o f  a c y l m o n o g a i a c t o g l y c e r i d e s  w e r e  o r i g i n a l l y  t h o u g h t  t o  b e  o f  v a l u e  
in  t h e  d i f f e r e n t i a t i o n  o f  t h e s e  t w o  o r g a n i s m s  ( M a t t h e w s  et al., 
1 9 8 0 b ) ,  c r i t i c a l  e v a l u a t i o n  r e v e a le d  d i s c r e p a n c i e s  am ong  s t r a i n s  o f  
b o t h  s p e c ie s .
1 . 2 . 8  M e ta b o l i s m
T h e  m e ta b o l i s m  o f  t re p o n e m e s  has n o t  b ee n  e x t e n s i v e l y  s t u d ' a d ,  a l ­
t h o u g h  r e c e n t  i n t e r e s t  in t h e s e  o r g a n i s m s  has led to  t h e  p h y s i o l o g y  
o f  t h e  m o re  r e a d i l y  c u l t i v a b l e  fo r m s  b e i n g  i n v e s t i g a t e d .  T r e p o n e m e s  
a r e  d i v e r s e  in  t h e i r  e n e r g y  y i e l d i n g  m e ta b o l i s m ,  w i t h  some d i s p l a y i n g  
a g r e a t  v e r s a t i l i t y  and m e t a b o l i z i n g  a w i d e  ra n g e  o f  s u b s t r a t e s , 
w h e r e a s  o t h e r s  a r e  e x c e e d i n g l y  s p e c i f i c  in  t h e i r  n u t r i t i v e  r e q u i r e ­
m e n ts  ( J o h n s o n ,  1981).  A g r o u p  o f  h i g h l y  s p e c ia l i z e d  t r e p o n e m e s  
t h a t  o n l y  f e - m e n t  p e c t i n  a n d  i t  s a s s o c ia t e d  m o n o m e rs  h a v e  been  
- s o la te d  f r o m  t h e  b o v i n e  r u m e n  ( Z i o l e r k i  a n d  W o ic ie c h o w ic z  , 1980) 
a n d  s u b g i n g i v a l  p laq u e (S r n ib e r t  a n d  B u r m e i s t e r ,  1983; W e b e r  an d  
C a n a le - P a r o la ,  1984).
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T r e p o n e m e s  * c r m e n t  g l u c o s e  v ia  t h e  E m b d e n - M e y e r h o f - P a r n a s  p a t h ­
w a y  ( C a n a ie - P a r o l a ,  1977 ;  C w y k  a n d  C a n a le - P a r o la ,  1979; G e o r g e  
a n d  S m ib e r t ,  1 di82; S t a n t o n ,  1 9 8 4 ) .  A c la s s ic a l  c l o s t r i d i a l - t y p e  
s y s t e m  is g e n e r a l l y  e m p lo y e d  t o  m e ta b o l i z e  p y r u v a t e  t o  a c e t y l  
c o e n z y m e  A ,  c a r b o n  d i o x i d e  a n d  h y d r o g e n  ( C a n a le - P a r o l a ,  1977, 
S t a n t o n ,  1 9 8 4 ) ,  a l t h o u g h  T. succinifaciens a n d  T, bryantii r e p o r t ­
e d l y  use  a c o l i f o r m - t y p e  c le a v a g e  s y s t e m  t o  d iss im u la te  p y r u v a t e  
( C w y k  a n d  C a n a l e - P a r o l a . 1979; S t a n t o n ,  1984)  a n d  p r o d u c e  c a r b o n  
d i o x i d e ,  h y d r o g e n  a n d  a c e t i c  a c id ,  t o g e t h e r  w i t h  e i t h e r  e t h a n o l  o r  
s u c c i n i c  a c id  ( S m i b e r t ,  1976a) .  T. pallidum has  a f a c u l t a t i v e  
m e t a b o | :»m a n d  u n d e r  o x y g e n - l i m i t i n g  c o n d i t i o n s ,  s w i t c h e s  f r o m  an 
o x i d a t i v e  m e ta b o l i s m  to  a f e r m e n t a t i v e  o n e ,  in  w h ic h  g l u c o s e  is 
f e r m e n t e d  b y  a p a t h w a y  t h a t  u t i l i z e s  p y r u v a t e  a? t h e  f i n a l  e l e c t r o n  
a c c e p t o r ,  r e s u l t i n g  in  t h e  f o r m a t io n  o f  la c ta t e  ( B a r b i e r i  a n d  C o x ,  
1 98 ’ b ) .  T h e  e l e c t r o n  t r a n s p o r t  s y s t e m  in t h e  R e i t e r  t r e p o n e m e  has 
b ee n  i n v e s t i g a t e d  a n d  low re d o x  p o t e n t i a l  c a r r i e r s  s u c h  as 
r u b r e d o x m ,  c y t o c h r o m e s  a , a n d  b a n d  N A D H  t o g e t h e r  w i t h  e l e c t r o n  
t r a n s p o r t  e n z y m e s  s u c h  as su ccin ic  d e h y d r o g e n a s e  a n d  f u m a r a t e  
r e d u c t a s e  h a v e  bee n  i d e n t i f i e d  ( G e o r g e  a n d  S m ib e r t ,  1982b;  J o h n s o n  
a n d  C a n a le -  P a r o l a , 1973; K a w a ta ,  1967a; 196 7b ) .
A m in o  a c id  f e r m e n t a t i o n  is g e n e r a l l y  r e s t r i c t e d  t o  s e r u m - r e q u i r i n g  
t re p o n e m e s  ( S m i b e r t ,  1976a)  a n d  y ie ld s  a v a r i e t y  o f  e n d  p r o d u c t s  
w i t h  a c e ta te  b e i n g  t h e  m a jo r  n o n - g a s e o u s  f e r m e n t a t i o n  p r o d u c t  r e ­
c o v e r e d .  7. d*ni icola, w h i c h  u t i l i z e s  a w i d e  r a n g e  o f  c a r b o h y d r a t e s  
a n d  a m m o  a c i d s ,  f e r m e n t s  s e r i n e ,  c y s t e i n e  a n d  a l a n in e  b y  p a t h w a y s  
i n v o l v i n g  p y r u v a t e  as an i n t e r m e d i a t e  ( C a n a le - P a r o l a ,  1977)  w h i l e  
o t h e r  am ino  a c i d s ,  f o r  e x a m p le  a r g i n i n e ,  a r e  d i s s im u la te d  b y  a m o d ­
i f i c a t i o n  o f  t h e  a r g i n i n e  im m o h y d r o l a s e  p a t h w a y ,  r e s u l t i n g  in t h e  
p r o d u c t i o n  o f  am m o n ia ,  c a r b o n  d i o x i d e  an d  p r o h n e  ( B la c k m o r e  an d  
C a n a le - P a r o la ,  1976) .
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S e v e r a l  s p i r o c h a e t e s ,  i n c l u d i n g  T denticola a n d  T . succinifac iens, 
p o sse ss  a b r o a d  r a n g e  o f  p u r i n e  i n t e r c o n v e r s i o n  e n z y m e s ,  w h i c h  
c o u l d  e n a b le  t h e  s p i r o c h a e t e  to  o b t a i n  e n e r g y ,  c a r b o n  a n d  n i t r o g e n  
w h e n  e x o g e n o u s  g r o w t h  s u b s t r a t e s  a r e  n o t  a v a i la b le  ( C a n a ie - P a r o l a  
a n d  K i d d e r ,  1982) .  T h e  w i d e  r a n g e  o f  d i v e '  se d i s s m i l a t c r y  p a t h ­
w a y s  e x h i b i t e d  b y  T. denticola e n a b le s  i t  to  d e r i v e  e n e r g y  f r o m  a 
w i d e  s p e c t r u m  o f  s u b s t r a t e s , T h i s  m e ta b o l i c  f l e x i b i l i t y  is p r o b a b l y  
o n e  o f  t h e  f a c t o r s  t h a t  e n a b le s  t h e  s l o w - g r o w i n g  t r e p o n e m e s  t o  
s u r v i v e  m  h a b i t a t s  ( s u c h  as t h e  o r a l  c a v i t y  a n d  t h e  g a s t r o i n t e s t i n a l  
t r a c t )  w h e r e  a w i d e  r a n g e  o f  s u b s t r a t e s  beco m e  a v a i l a b le  f o r  s h o r t  
p e r i o d s  o f  t im e .
1 .3 .  S P IR O C H A E T E S  A S S O C I A T E D  W IT H  T H E  G A S T R O I N T E S T I N A L  
T R A C T
1 . 3 . 1  I n v e r t e b r a t e s
S p i r o c h a e t e s  a r e  a s s o c ia t e d  w i t h  t h e  d i g e s t i v e  t r a c t s  o f  b o t h  
v e r t e b r a t e s  a n d  i n v e r t e b r a t e s . T h e  c r y s t a l l i n e  s t y l e  a n d  p y l o r i c  
c aecu m  o f  m o l l u s c s ,  e c h m o d e r m e s  a n d  t u n i c a t e ?  h a r b o u r s  n u m e r o u s  
s p i r o c h a e t e s ,  m a n y  o f  w h i c h  b e l o n g  t o  t h e  Crist ispira g e n u s  
( B r e z n a k ,  1973; R i c h a r d s ,  197 8 ) .  S p i r o c h a e t e s  a r e  a lso  f o u n d  ,n 
t h e  g u t  o f  v a r i o u s  i n s e c t s ,  p a r t i c u l a r l y  x y lo p h a g o - j s  in s e c ts  s u c h  
as t e r m i t e s  a n d  c e r t a i n  c o c k r o a c h e s  a n d  in  some cases t h e i r  p r e s ­
e n c e  is e s s e n t 'a l  f o r  t h e  s u r v i v a l  o f  t h e  h o s t  ( E u t i c k ,  et a l . 197 8 ) .  
U p  t o  40", o f  t h e  to ta l  b a c t e r i a  in t h e  h m d g u t  o f  Pt erotermes a r e  
m e m b e rs  o f  t h e  Spirochaet a c m e  f a m i l y  ( T o  et al . , 1980) . M a n y  o f  
t h e s e  s p i r o c h a e t e s  h a v e  a u n i q u e  u l t r a s t r u c t u r e  a n d  a r e  c o n s i d e r e d  
as b e l o n g i n g  t o  t h e  Hoi .1 andina , DiplccaIvx a n d  Pi! lot ina g e n e r a  
( M a r g u h s  et al. 198 1 ) ,  w h i l e  o t h e r  s p i r o c h a e t e s  r e s i d i n g  in t h i s  
h a b i t a t , h a v e  a m o re  c o n v e n t i o n a l  m o r p h o l o g y  a n d  p r o b a b l y  do n o t  
b e l o n g  t o  t h e s e  g e n e ra  f C z o l i ,  et a!., 1 9 8 5 ) .  T h e  i n v e r t e b r a t e ,
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g u t - a s s o c i a t e d  s p i r o c h a e t e s  m ay b e  e i t h e r  f  «e l i v i n g ,  s e s s i le  on t h e  
g u t  w a l l ,  o r  a t t a c h e d  t o  t h e  s u r f a c e s  o f  p r o t o z o a .  T h o s e  t h a t  a r e  
i n t i m a t e l y  a s s o c ia t e d  w i t h  o t h e r  c e l l s  f r e q u e n t l y  h a v e  o n e  o r  b o t h  
e n d s  a d a p t e d  f o r  t h i s  a s s o c ia t io n ,  e n a b l i n g  th e m  to  a t ta c h  w i t h o u t  
i n j u r y  t o  t h e  h o s t  ( B lo o d g o o d  a n d  F i t z h a r r i s ,  1976; C o r p e ,  1980; 
M a r g u l i s  et a l . , 1981) T h e  h o s t  ce l l  m ay a lso  e x h i b i t  m o r p h o lo g i c a l  
a l t e r a t i o n s  a t  t h e  s i t e  o f  s p i r o c h a e t e  a t t a c h m e n t .  T h e  i n t i m a t e  
p h y s i c a l  a s s o c ia t io n  b e t w e e n  h o s t  c e l l s  a n d  s c . ie  g u t  a s s o c ia t e d  
s p i r o c h a e t e s ,  a n d  t h e  d e v e lo p m e n t  or  s p e c i f i c  s t r u c t u r e s  f o r  a t ­
t a c h m e n t ,  s u g g e s t s  t h a t  s y m b io t i c  i n t e r a c t i o n s  b e t w e e n  t h e  i n s e c t  
a n d  t h e  p r o k a r y o t e  m ay e x i s t .
1 . 3 . 2  V e r t e b r a t e s
R u m i n a n t s
In  t h e  b o v i n e  r u m e n ,  p o p u la t i o n  d e n s i t i e s  o f  10* s p i r o c h a e t e s / m t  of 
r u m e n  f l u i d  a r e  a t t a i n e d  ( S t a n t o n  a n d  C a n a l e - P a r o l a , 1 97 9 ) .  T h e s e  
s p i r o c h a e t e s  a r e  m o r p h o lo g i c a l l y  a n d  p h y s i o l o g i c a l l y  d i v e r s e  ( P o s t e r  
a n d  C a n a le - P a r o la ,  1982) .  L i m i te d  i n f o r m a t i o n  is a v a i l a b le  on  t h e  
c o n t r i b u t i o n  made b y  t h e s e  s p i r o c h a e t e s  to  t h e  m e ta b o l i c  p ro c e s s e s  
t a k i n g  p la c e  m  t h e  r u m e n  ( B r e z n a k , 1973; P a s t e u r  a n d
C a n a le - P a r o la ,  1982; S t a n t o n  a n d  C a n a le - P a r o la ,  1980) ,  a l t h o u g h  
t h e i r  n u m e r ic a l  dom inance im p l ie s  t h a t  t h e i r  c o n t r i b u t i o n  t o  t h e  
r u m e n  m e ta b o l i c  a c t i v i t i e s  is q u a n t i t a t i v e l y  s i g n i f i c a n t  ( S t a n t o n ,  
195 4 ) .  A l t h o u g h  no c e l l u l o l y t i c  s p i r o c h a e t e s  h a v e  e v e r  beer , i s o ­
l a te d ,  r u m i n a n t  s p i r o c h a e t e s  f r e q u e n t l y  u t i l i z e  t h e  h y d r o l y s i s  p r o ­
d u c t s  o f  p l a n t  p o l y m e r s  s uch  as c e l lo b io s e  a n d  D - g i u c u r o n i c  ac id  
( S t a n t o n  a n d  C a n a le  P a ro la ,  1980) a n d  in t h e  r u m e n ,  s y n e r g i s t i c  
r e l a t i o n s h i p s  b e t w e e n  c e l l u l o l y t i c  b a c t e r i a  a n d  sp iro ch ae tes  s u c h  as 
Treponema bryantii p r o b a b l y  e x i s t .  Rum en s p i r o c h a e t e s  m ay c o n ­
t r i b u t e  s i g n i f i c a n  'y  to  t h e  d e g r a d a t i o n  o f  i n g e s t e d  p l a n t  materna l
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%( H a r w o o d  a n d  C a n . i le - P a r o l a ,  1984)  s in c e  m a n y  a r e  a b le  to  d e g r a d e  
a n d  f e r m e n t  p o l y m e r s  s u c h  as x y l a n  an d  p e c t i n  ( P a l t e r  a n d  
C a n a le - P a r o la ,  1982).
M o n o g a s tr ic  anim als
T h e  a u t o c h t h o n o u s  s p i r o c h a e t e s  o f  t h e  m o n o g a s t r i c  g u t  h a v e  n o t  
b e e n  c o m p r e h e n s i v e l y  s t u d i e d .  S p i r o c h a e t e s  i n h a b i t  t h e  s to m a c h  o f  
d o g s ,  h u m a n s ,  a n d  c e r t a i n  o l d - w o r l d  m o n k e y s ,  t h e  sm all  i n t e s t i n e  
o f  r a t s ,  a n d  t h e  l a r g e  b o w e l  o f  a w i d e  r a n g e  o f  a n im a ls ,  w h e r e  t h e y  
m a y  b e  f r e e - l i v i n g  o r  s e s s i le  a n d  a t t a c h e d  t o  t h e  e p i t h e l i a l  t i s s u e .  
A p a r t  f r o m  T. hyodysenteriae, t h e  p r o v e n  e t io l o g i c a l  a g e n t  o f  s w in e  
d y s e n t e r y  ( H a r n s  et al , 1972a; K i n y o n  at a l . , 1 9 7 7 ) ,  t h e
p a t h o g e n i c  p o t e n t i a l  o f  g a s t r o i n t e s t i n a l  s p i r o c h a e t e s  is v a g u e .  
S p i r o c h a e t e s  h a v e  f r e q u e n t l y  b ee n  im p l i c a t e d  as t h r  e t i o l o g i c a l  
a g e n t s  o f  v a r i o u s  g a s t r o i n t e s t i n a l  d i s o r d e r s ,  p a r t > c u la r  y  as h i g h  
p o p u l a t i o n  d e n s i t i e s  o f  t h e s e  b a c t e r i a  a r e  f o u n d  in  d i a r - h o e a  s p e c i ­
m ens  f r o m  v a r i o u s  a n im a ls  i n c l u d i n g  d o g s  a n d  h u m a n s  ( P m d a k  et 
a]., 1965; Z y m e t ,  1969).  I t  has b ee n  p r o p o s e d  t h a t  t h e  p r e p o n ­
d e r a n c e  o f  s p i r o c h a e t e s  in t h e  g u t  m ay  p r e c i p i t a t e  t h e  o n s e t  o f  
d i a r r h o e a  b y  u p s e t t i n g  t h e  d e l i c a t e  b a la n c e  o f  t h e  b a c t e r i a l  f l o r a  
p r e s e n t  in  t h i s  e c o s y s te m  ( Z y m e t ,  1959) .  A l t e r n a t i v e l y ,  t h e  e x ­
c e s s i v e  m u c u s  s e c r e t i o n  t h a t  f r e q u e n t l y  a c c o m p a n ie s  d i a r r h o e a ,  m ay 
i n d u c e  t h o s e  s p i r o c h a e t e s  t h a t  a r e  n o r m a ' i y  p r e s e n t  in  t h e  c r y p t s ,  
t o  be  d i s p la c e d  f r o m  t h i s  h a b i t a t ,  t h u s  c o n tr ib u t in g  t o  t h e  l a r g e  
n u m b e r s  o f  t h e s e  b a c te r ia  o b s e r v e d  in  d i a r r h o e a l  s t o o l s . E x p e r ­
im e n t a l  e v i d e n c e  s u p p o r t i n g  t h i s  c o n t e n t i o n  has beer, f o u n d  m  r a t s  
a n d  d o g s ,  w h e r e  a r t if ic ia l ly  i n d u c e d  d i a r r h o e a  also re s u lte d  in  i n ­
c r e a s e d  n u m b e r s  o f  sp iro ch ae tes  in  t h e  faeces ( L e a c h  e t  al . , 1973) . 
N e v e r t h e l e s s ,  Z w ic k e r e t  al. ( 1978) h a v e  r e p o r t e d  a d i a r r h o e a l  
c o n d i t i o n  in  g u i n e a  pigs in w h ic h  s p i r o c h a e t e s  w e r e  im p l i c a t e d  as 
b e i n g  t h e  c a u s a t i v e  a g e n t ,  w h i l e  T a y lo r  e t  al. (1980) h a v e  d e -
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s c r i b e d  a s p i r o c h a e t e  w h ic h  i ;  o c h e m i c a l l y , u l t r a s t r u c t u r a l l y  a n d
i i . i m u n o lo g i c a l l y  d i s t i n c t  f r o m  T. hy odysenter ae b u t  w h i c h  is a b le  t o  
i n d u c e  d i a r r h o e a  a n d  c c l i t i s  in  s w in e .
I n t e s t i n a l  s p i r o c h a e t o s i s
" I n t e s t i n a l  s p i r o c h a e t o s i s "  is a m a s s iv e  s p i r o c h a e t e  i n f e s t a t i o n  o f  t h e  
caeca !  a n d  c o lo n ic  e p i t h e l i u m ,  o c c a s i o n a l l y  p r e s e n t  in  h u m a n s
( H a r l a n d  a n d  Lee , 1 9 6 7 ) ,  d o g s  ( T u r e k  a n d  M e y e r ,  1977; 197 8 ) ,
o p o s s u m s  ( T u r e k  a n d  M e y e r ,  1979)  a n d  m o n k e y s  ( T a k e u c h i  a n d  a n d  
Z e l l e r ,  1972a; 1972b;  C o w le y  a n d  H i l l ,  1985) ,  In  p r i m a t e s ,  t w o
m o r p h o l o g i c a l l y  d i s t i n c t  s p i r a l  b a c t e r i a  a r e  i n v o l v e d  ( N ^ u t r a ,  1980; 
T a k e u c h i ,  et si. 1 9 7 4 ) ;  t h e  p r e d o m i n a n t  o r g a n i s m  h a v i n g  a t y p i c a l  
s p i r o c h a e t e  m o r p h o l o g y ,  w h i l e  t h e  o t h e r  is a f l a g e l l a t e d  s p i r a l  
b a c t e r i u m  ( T a k e u c h i  a n d  Z e l l e r ,  1 9 7 2 b ) .  T w o  to  9% o f  h u m a n  s u b ­
j e c t s  a n d  12-28% o f  Rhesus m o n k e y s  ( H a r l a n d  a n d  Lee , 1967; M in io  
et a}, 1973) a re  r e p o r t e d l y  i n f e c t e d .  T h e  c o l o n i z a t i o n  is s p o n t a ­
n e o u s  a n d  can  p e r s i s t  f o r  p e r i o d s  o f  m o re  t h a n  6  y e a r s  ( H a r l a n d  
a n d  Lee , 1967) .  A l t h o u g h  t h e  s p i r o c h a e t e s  i n v o l v e d  a r e
m o r p h o l o g i c a l l y  d i s t i n c t  in  d i f f e r e n t  an im a l h o s t s ,  t h e  i n f e s t a t i o n  is 
i n d i s t i n g u i s h a b l e  w i t h  r e s p e c t  to  a n a to m ic a l  s i t e s  o c c u p i e d ,  t h e  mode 
o f  a t t a c h m e n t  a n d  o r i e n t a t i o n  o f  t h e  b a c t e r i a  w i t h  r e s p e c t  t o  t h e  
m u c o s a l  s u r f a c e .  B y  a s s o c i a t i n g  w i t h  t h e  e n z y m e - c o n t a i n i n g  
g l y c o c a l y x  o f  t h e  m i c r o v i l l i ,  t h e  s p i r o c h a e t e s  m ay p r e f e r e n t i a l l y  
u t i l i z e  n u t r i e n t s  t h » 4 a r e  n o r m a l l y  a b s o r b e d ,  c o n c e n t r a t e d  a n d  d e ­
g r a d e d  in t h i s  r e g io n  ( H a r w o o d  a n d  C a n a l e - P , i r o l a , 19W  N e u t r a ,  
1 9 8 0 ) .  I n f e c t e d  c e l l s  s hov '  non s p e c i f i c  a l t e r a t i o n s  s u c h  as i n t e r ­
r u p t i o n  o f  t h e  apical p lasm a  m e m b ra n e ,  d e s t r u c t i o n  o f  m ic ro v illi a n d  
a l t e r a t i o n  o f  t h e  a p i c a l  c y t o p la s m  ( M m io  e: al. , 1973; N e u t r a ,  1980; 
T a k e u c h i  a n d  Z e l l e r ,  1972a,  197 2b ) ;  c h a n g e s  w h ic h  c o u l d  i n t e r f e r e  
w i t h  m i c r o v i l l i  f u n c t i o n  ( A n t o n a k o p o u l o s  et a]., 1982; C o w le y  a n d  
H i l l ,  1985) .  T h e  s p - r o c h a e t e s  i n d e n t  t h e  c o l u m n a r  ce l l  s u r f a c e  a n d
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l i e  in  a c y l i n d r i c a l  i n v a g i n a t i o n  o f  t h e  h o s t  p lasm a  m e m b ra n e .  A  
s m a l l ,  e l e c t r o n - l u c e n t  p i t  is p r e s e n t  b e t w e e n  t h e  t i p  o f  t h e  o r g a n i s m  
a n d  t h e  ce l l  m e m b ra n e  ( H o ’ i n d - H o u g e n  et al., 198 2 ) .  T h e  b a c t e r i a  
a t t a c h  e x c l u s i v e l y  t o  m a t u r e  c o l u m n a r  e p i t h e l i a l  ce l ls  a n d  a v o id  t h e  
s u r f a c e  g o b le t  - e l l s  ( T a k e u c h i  a n d  S p r m z ,  1 9 7 0 ) ,  t h e  c r y p t s  o f  
L i e b e r k u h n  ( t et al., 1971; N e u t r a .  1 9 8 0 ) ,  a n d  n e o p la s t i c a l l y  
t r a n s f o r m e d  c e l l s  f H a r l a n d  a n d  Lee , 1967; N e / t r a , 198 0 ) ,  s u g g e s t i n g  
t h a t  m a t u r e  ce l l  s u r f a c e  c o m p o n e n ts  s u c h  as g l y r o s y l a t e d  p r o t e i n s  
a r e  r e q u i r e d  f o r  a c t e r i a l  a d h e r e n c e  ( N e u t r a ,  198 0 ) .  T h e  b a c ­
t e r i a l  m e m b ra n e  s p e c i a l i z a t i o n s  s u g g e s t s  t h a t  t h e  m ic r o o r g a n i s m  m ay  
b e n e f i t  f r o m  t h e  a s s o c i a t io n ,  v .h i le  t h e  la c k  o f  c o m p le m e n t a r y  c e l l u l a r  
s p e c i a l i z a t i o n ,  i n f e r s  t h a t  t h e  h o s t  does n o t  b e n e f i t  f r o m  t h e  r e ­
l a t i o n s h i p  ( N e u t r a ,  198 0 ) .
In  i n t e s t i n a l  s p i r o c h a e t o s i s ,  t h e  b a c t e r i a  occas iona l ! ; ,  p e n e t r a t e  b e ­
y o n d  t h e  b r u s h  b o r d e r  anr* i n t o  t h e  e p i t h e l i a l  c y t o p la s m  an d  la m ina  
p r o p r i a  w h e r e  t h e y  a r e  f o u n d  e i t h e r  f r e e  o r  p a r t l y  p h a g o c y t o s e d  
b y  m a c r o p h a g e s  ( A n t o n a k o p o u 'o s  et al., 1982; H a r l a n d  a n d  Lee , 
1967; M m io  et al, 197 3 ) .  T h e  p r e s e n c e  o f  s p i r o c h a e t e s  in  t h e  la m ina  
p r o p r i a  does n o t  in d u c e  a r  n f l a m m a t o r y  r e s p o n s e  ( T a k e u c h i  a n d  
S p r m z ,  1970; T a k e u c h i  et a l . , 1974) . T h e  p a t h o g e n i c  s t a t u s  o f  xh is  
i n f e s t a t i o n  is s u b j e c t  t o  d e b a te ,  w i t h  s e v e r a l  i n v e s t i g a t o r s  c la im in g  
t h a t  i t  is of no  c l i n i c a l  s i g n i f i c a n c e  ( N ie ls e n  et al., 1983; Lee et 
al. , 1971; T a k e u c h i  et a l . , 1974) ,  w h i l e  o t h e r s  h.ave c o n c l u d e d  t h a t  
i t  is a s s o c ia te d  w i t h  d i a r r h o e a  a n d  r e c ta l  b l e e d i n g  ( D o u g la s  a n d  
C r u c o l i ,  1981; G ad  <?r al., 1977) . w i t h  s y m p to m s  d e p e n d i n g  on  t h e  
e x t e n t  a n d  d e g r e e  o f  i n fe c t i o n  (G a d  a f  a l . , 1977).
S w i m  d y s e n t e r y
S w in e  d y s e n t e r y  is an i n f e c t i o u s , t r a n s m i s s i b l e  e n t e r i c  d i s e a s e  t h a t  
c a u s e s  s e v e r e  e co n o m ic  lo sses i M e y e r ,  1378) .  W ild  m ice h a v e  been
d e m o n s t r a t e d  t o  h a r b o u r  T. hyodysenter iae ( J o e n s  a n d  K i n y o n ,
198 2 ) ,  a n d  t h i s  f i n d i n g  s u p p o r t s  p r e v i o u s  s p e c u la t i o n  t h a t  t h e s e
r o d e n t s  c o u l d  t r a n s m i t  t h e  d i s e a s e  ( J o e n s ,  1 9 8 0 ) .  I n f e c t e d  m ice
d i s p l a y  m ucosa l le s io n s  s im i l a r  t o  t h o s a  f o u n d  in  i n f e c t e d  s w in e
(J o e n s  et al., , 1981; Joer  a n d  \ i r . y o n ,  1 98 2 ) .  C l i n i c a l l y ,  t h e
d i s e a s e  is c h a r a c t e r i z e d  b y  m u c o h a e m o r . -h a g ic  d i a r r h o e a  w i t h  i n ­
f la m e d  a n d  n e c r o t i c  le s io n s  o c c u r r i n g  m a in l y  in t h e  c o lo n ic  m ucosa  
t o c c a s i o n a l l y  in t h e  c aecu m  ( C l o c k  et a l . , 1974; K e n n e d y  and  
i f u s s ,  1976; W h ip p  t 197 9 ) .  The  s p i r o c h a e t e s  t h a t  cause
•f  • d y s e n t e r y  h a v e  bee n  c u l t i v a t e d ,  a n d  K o c h s '  p o s t u l a t e s  f u l f i l l e d  
i r  . n f i c  p a t h o g e n  f r e e  ( S P F )  p i g s ,  a l t h o u g h  o n l y  m i l d  le s io n s  a re  
p r >  1 in g n o t o b i o t i c  s w i n e  ( L y s o n s ,  1 98 4 ) .  I t  is no w  r e c o g n i z e d  
t h a '  ? d y s e n t e r y  is a m ix e d  s y n e r g i s t i c  i n fe c t i o n  a n d  t h a t  t h e
i n t r  o d v n t 1 -  o f  7 . hyodyses. i  xae i n t o  p ig s  n i t i a t e s  t h e  d i s e a s e  
p r o '  es« b y  c a u s in g  r e s i d e n t  o r g a n - s m s  o f  lo w  p a t h o g e n i c  p o t e n t i a l  
^ 0  i n t e r a c t  w i t h  t h e  s p i r o c h a e t e s  a n d  each  o t h e r  a n c  e x p r e s s  an 
i n h e r e n t  p a t h o g e n ic  p o t e n t i a l  ( L y s o n s ,  1984; M e y e r ,  1978) .  
O r g a n is m s  b t l r . ' v e d  t o  be  i n v o l v e d  in s w in e  d y s e n t e r y  in c lu d e  
f u io b a c fe r z iA ' . '  n e c r o p A o r u * ,  g a c f  e r o i d e s  f r a f z V z s ,  ^ a c b e r c z d e a  
vulgatus an d  Clostridium s p e c ie s  ( J o e n s ,  et al., 1981; L y s o v ,  
1984; M e y e r ,  78; W h ip p  e£ al. , 1 97 9 ) .  T h e  t y p e  o f  o p p o r t u n i s t s  
i n v o l  e d . c o u M  n o d i f y  t h e  s e v e r i t y  o f  t h e  d i s e a s e  ( M e y e r ,  1 97 8 ) .
A d i r e c t  ;o  ' - e la t io n  b e t w e e n  h a e m o i y t i c  a c t i v  t y  -md
e n t e r o p a t h o g e i  i r ,  o f  7.  hyodysenter iae e x i s t s  ( K i n y o n  et al. i 977 ; 
P i c a r d  et al. , 1979 S a h e b ,  et a l . , 1981a; 1 9 8 1 b ) .  T h e  h a e r r o ly s in ,  
w h i c h  re s e m b le s  s t ' e p t o ’y s i n  S, ( L e m c k e  a n d  B u r r o w s ,  1 9 S 2 ) ,  is a 
p o t e n t i a l  v i r u l e n c e  f a c t o r  t h a t  can  in d u c e  f l u i d  a c c u m u l a t i o n  in
l i g a t e d  r a t  i lea l loo; r ( S a h e b  et a l . , 1 9 8 1 b ) .  I t  has a lso  b ee n  e s ­
t a b l i s h e d  t h a t  LPS c o u l d  be  i n v o l v e d  m t h e  p a t h o g e n e s i s  or  s w in e  
d y s e n t e r y  ( N u e s s e n  et a l . , 193 3 ) .  A l t h o u g h  7.  hyod^sei. zaa
a d h e r e s  t o  e p i t h e l i a l  ce l ls  in  a m a n n e r  a n a lo g o u s  to  o t h e r  v i r u l e n t
e n t e r o p a t h o g e r i i c  b a c t e r i a  ( K n o o p  et al, 1 9 7 9 ) ,  i t  does n o t  in d u c e  
t o x i n  m e d ia te d  c o lo n ic  m a la b s o r p t i o n  s u c h  as is p r o d u c e d  b y  Vibrio 
cholerue, p a t h o g e n ic  E coli, Shigella a n d  Salmonella (S ch rn ^ l l  et 
al ., 1983;  . T h e  v i r u l e n c e  f a c t o r s  o f  T. hyodysenteriae a n d  t h e
m e c h a n is m  b y  w h ic h  t h i s  o r g a n i s m  i n t e r a c t s  w i t h  o t h e r  g u t  o r g a n i s m s  
t o  i n d u c e  d i a r r h o e a ,  a r o  u n r e s o l v e d .
1 . 4  A IM S  A N 1' O B J E C T I V E S
I n c r e a s i n g  in te r , in g a s t r o i n t e s t i n a l  m i c r o b i o l o g y ,  has led  t o  t h e  
r e a l i z a t i o n  t h a t  t h e  g a s t r o i n t e s t i n a l  f k  a can be  b o t h  b e n e f i c i a l  a n d  
h a rm fu l t o  t h e  n o s t .  A l t h o u g h  n o t  as n u t r i t i o n a l l y  i m p o r t a n t  as t h e  
r u m i n a n t  f l o r a ,  t h e  g a s t r o i n t e s t i n a l  m ic r o b io t a  m ay c o n tr ib u te  t o  t h e  
w e l l - b e i n g  o f  t h e  h o s t  b y  t h e  s y n t h e s i s  o f  v i t a m i n s ,  ( p a r t i c u l a r l y  
in  c o p r o p h a g o u s  a n im a ls )  ( D r z « e r  and B a r r o w ,  1985; M c B e e ,  1977) 
a n d  t h e  c o n v e r s i o n  o f  m d i g e s t a b l e  d i e t a r y  c o n s t i t u e n t s  t o  
e n d - p r o d u c t s  w h ic h  th e  host can  u til iz e  ( S a v a g e ,  1977a) .  T h e  g u t  
f l o r a  d e g r a d e s  p o t e n t i a l  c a r c in o g e n s  n g e a te d  b y  t h e  h o s t ,  b u t  is 
s i m u l t a n e o u s l y  r e s p o n s i b le  fo  • t h e  p r o d u c t i o n  o f  c a r c i n o g e n i c  
m e ta b o l i c  end  p r o d u c t s  fo r m e d  f r o m  t h e  d e g r a d a t i o n  o f  b i le  a c id s  
a n d  a r o m a t i c  a m m o  a c id s  (P e r n s ,  1 9 7 7 ) .  T h e  f l o r a  can a lso  a s s i s t  
t h e  h o s t  t o  re s ,s t i n f e c t i o u s  d ise a se s  o f  t h e  G I T  t h r o u g h  m ic r o b ia l  
in te r fe re n c e  a c t i v i t i e s  a n d  p r e p a r e  t h e  h o s t  to  r e a c t  q u i c k l y  to  
p a t h o g e n s  b y  s t i m u l a t i n g  t h e  p r o d u c t i o n  o f  c ro s s -re a c t in g  a n t i b o d ie s  
(S a v a g e ,  1 9 7 7 b ) .  D i s t u r b a n c e s  o f  t h e  e c o s y s t e m  h o w e v e r  can  le ad  
to  t h e  g u t  m i c r o f l o r a  c a u s i n g  d iseases s u c h  as C r o h n s  d i s e a s e  
(m ic ro b ia l o v e r g r o w t h  o f  t h e  sm all  m t e s t m e ,  lead in g  to  m a la b s o r p t i o n  
a n d  rru i n u t n t i o n )  , abcesses , t r o p i c a l  s p r u e  a n d  d ia r rh o e a . I f  t h e  
f u l l  im p o rtan ce  o f  t h e  a u t o c h t h o n o u s  f l o r a  is t o  be  r e c o g n i z e d ,  i t  is 
n e c e ts .,, y t h a t  al l  o f  i t s  c o n s t i t u e n t s  a re  s tu d ie d  b o t h  .n vitro an d  
in vivo. T h i s  r e s e a r c h  was u n d e r t a k e n ,  m o r d e i  t h a t  a b e t t e r
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e n t o r o p a t h o g e n i c  b a c t e r i a  ( K n o o p  e t  al, 1 9 7 9 ) ,  i t  does  n o t  in d u c e  
t o x i n  m e d ia te d  c o lo n ic  m a la b s o r p t i o n  s u c h  as is p r o d u c e d  b y  Vibrio 
choleras, p a t h o g e n ic  E . coli, Shigella a n d  SalmoneJla (S c h m a l l  et 
al., 1 9 8 3 ) .  T h e  v i r u l e n c e  f a c t o r s  o f  T. hyodysenter iae a n d  t h e  
m e c h a n is m  b y  w h ic h  t h i s  o r g a n i s m  i n t e r a c t s  w i t h  o t h e r  g u t  o r g a n i s m s  
to  i n d u c e  d i a r r h o e a ,  a r e  u n r e s o l v e d .
1.4 AIMS AND OBJECTIVES
I n c r e a s i n g  i n t e r e s t  in g a s t r o i n t e s t i n a l  m i c r o b i o l o g y ,  has  led  t o  t h e  
r e a l i z a t i o n  t h a t  t h e  g a s t r o i n t e s t i n a l  f l o r a  can  be  b o t h  b e n e f i c i a l  a n d  
h a r m f u l  t o  t h e  h o s t .  A l t h o u g h  n o t  as n u t r i t i o n a l l y  i m p o r t a n t  as t h e  
r u m i n a n t  f l o r a ,  t h e  g a s t r o i n t e s t i n a l  m ic r o b io t a  may  c o ^ t n o u t e  t o  t h e  
w e l l - b e i n g  o f  t h e  h o s t  b y  t h e  s y n t h e s i s  o f  v i t a m i n s ,  i p a r t i c u l a r l y  
in  c o p r o p h a g o u s  a n im a ls )  ( D r a s e r  a n d  B a r r o w ,  1985; M c B e e ,  1977)  
a n d  t h e  c o n v e r s i o n  o f  m d i g e s t a b l e  d i e t a r y  c o n s t i t u e n t s  t o  
e n d - p r o d u c t s  w h i c h  t h e  h o s t  can  u t i l i z e  ( S a v a g e ,  1 9 7 7 a ) . T h e  g u t  
f l o r a  d e g r a d e s  p o im n n a l  c a r c in o g e n s  i n g e s t e d  b y  t h e  ho-»t, b u t  is 
s i m u l t a n e o u s l y  r - s p o n s , . .  f o r  t h e  p r o d u c t i o n  o f  c a r c i n o g e n i c  
m e ta b o l i c  e n d  p r o d u c t s  f o r m e d  f r o m  th ,  d e g r a d a t i o n  o f  b i l e  a c id s  
a n d  a r o m a t i c  a m m o  a c id s  ( P n n s ,  1977)  T h e  f l o r a  can  a lso  a s s i s t  
t h e  h o s t  t o  r e s i s t  i n f e c t i o u s  d is e a s e s  o f  t h e  G I T  t h r o u g h  m ic r o b ia l  
i n t e r f e r e n c e  a c t i v i t i e s  a n d  p r e p a r e  t h e  h o s t  t o  r e d  t  q u i c k l y  t o  
p a t h o g e n s  b y  s t i m u l a t i n g  t h e  p r o d u c t i o n  o f  c r o s s - r e a c t i n g  a n t i b o d ie s  
( S a v a g e ,  1 9 7 7 b ) . D i s t u r b a n c e s  o f  t h e  e c o s y s t e m  h o w e v e r  can  le ad 
t o  t h e  g u t  m i c r c f l o r a  c a u s i n g  d i s e a s e s  s u c h  as C r o h n s  d i s e a s e  
( m i c r o b ia l  o v e r g r o w t h  o f  t h e  sm a ll  i n t e s t i n e ,  l e a d in g  to  m a la b s o r p t i o n  
a n d  m a l n u t r i t i o n ) ,  a b c e s s e s ,  t r o p i c a l  s p r u e  a n d  d i a r r h o e a . I f  t h e  
f u l l  i m p o r t a n c e  o f  t h e  a u t o c h t h o n o u s  f l o r a  is t o  b e  r e c o g n i z e d ,  i t  is 
n e c e s s a r y  t h a t  al l  o f  i t s  c o n s t i t u e n t s  a r e  s t u d i e d  b o t h  i;-) i - i t r o  a n d  
i n  y i v o .  T h i s  r e s e a r c h  was u r  e r t a k e n ,  in  o r d e r  t h a t  a b e t t e r
u n d e r s t a n d i n g  o f  t h e  r o le  p l a y e d  b y  s p i r o c h a e t e s  in  t h e  
g a s t r o i n t e s t i n a l  e c o s y s t e m  c o u l d  be  r e a l i z e d .
T r e p o n e m e s  a r e  c o n s t i t u e n t s  o f  t h e  g u t  a u t o c h t h o n o u s  f l o r a  o f  m o s t  
a n im a ls  b u t  a l t h o u g h  t e c h n i q u e s  f o r  c u l t i v a t i n g  t h e s e  h i t h e r t o  e l u s i v e  
b a c t e r i a  h a v e  r e c e n t l y  been  d e v e lo p e d ,  t h e y  h a v e  n o t  been  e x t e n ­
s i v e l y  s t u d i e d  ( H a r w o o d  a n d  C a n a le - P a r o la ,  1 9 8 4 ) .  T h e  d i s e a s e  
p o t e n t i a l  o f  t h e s e  s p i r o c h a e t e s  has n o t  b ee n  r e s o l v e d  a n d  t h e  im ­
p o r t a n c e  o f  s p i r o c h a e t e s  in t h e  G I T  e c o s y s te m  is u n k n o w n ,  b u t  s in c e  
t h e y  f r e q u e n t l y  a t t a i n  h i g h  p e c u la tio n  d e n s i t i e s  in t h e  m o re  s t a t i c  
r e g io n s  o f  t h e  G I T ,  t h e y  c o u ld  p l a y  an i m p o r t a n t  ro le  in  t h e  f u n c ­
t i o n i n g  o f  t h i s  e c o s y s t e m .  T h e  r a t  was c h o s e n  as a m ode l f o r  
s t u d y i n g  t h e s e  b a c t e r i a ,  s in c e  it  is a c o n v e n i e n t  l a b o r a t o r y  a n im a l ,  
i t s  g u t  f l o r a  has  p r e v i o u s l y  b ee n  i n v e s t i g a t e d  ( R a i b a u d  e t  a Z . ,  
1966a; 1 9 6 6 b ), a n d  s p i r o c h a e t e s  a r e  k n o w n  to  r e s id e  in  i t s  ?ut
( D a v i s  e t  a l . , 1972a; 1972b;  Lee a n d  P h i l l i p s ,  1978; P h i l l ' p s  e t  al, 
1 9 7 8 ). T h e r e  h a v e  b ee n  no  r e p o r t s  on  t h e  iso la tion  o f  c la s s ic a l  
s p i r o c h a e t e s '  f r o m  t h i s  a n im a l ,  a l t h o u g h  o t h e r  - p i r a l  b a c t e r i a  f r o m  
t h e  r a t  g u t  h a v e  b . 'e n  c u l t i v a t e d  (L e e  a n d  P h i l l i p s ,  1978; P h i l l i p s  
a n d  Lee ,  198 3 ) .  S p i r o c h a e t e s  f r o m  a m ouse  caeca l e p i t h e l i u m  h a v e  
been  g r o w n  ir. vitro, b u t  w e r e  n o t  e x t e n s i v e l y  s t u d i e d  (L e e  a n d  
P h i l l i p s ,  1978) .  S m c e  i t  is i m p e r a t i v e  t h a t  g a s t r o i n t e s t i n a l  b a c t e r i a  
a r e  n o t  s t u d i e d  in  i s o la t i o n ,  t h e  p ro je c t c o n s i s t e d  o f  t w o  p h a s e s ,  
t h e  f i r s t  t o  e s t a b l i s h  t h e  e c o lo g y  o f  r a t  g a s t r o i n t e s t i n a l  s p i r o c h a e t e s ,  
a n d  t h e  s e c o n d  to  c h a r a c t e r i z e  th e s e  s p i r o c h a e t e s  in vitro a n d  t h e n  
a t t e m p t  to  r e la t e  t h e i r  m  vH.ro a c t i v i t i e s  to  t h e i r  in vivo f u n c t i o n .  
F rom  t h i s  w o r k ,  i t  is a n t i c i p a t e d  t h a t  i n s i g h t  i n t o  t h e  s ig n i f i c a n c e  
o f  s p i r o c h a e t e s  in  t h e  g a s t r o i n t e s t i n a l  e c o s y s te m  o f  t h e  r a t ,  a n d  
p e r h a p s  o t h e r  m o n o g a s t n c  an im a ls  may  b e  r e a l i z e d .
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CHAPTER 2
ECOLOGY OF GASTROINTESTINAL SPIROCHAETES 
2.1 INTRODUCTION
T h a t  s p i r a l  b a c t e r i a  a r e  c o n s t i t u e n t s  o f  t h e  g a s t r o i n t e s t i n a l  
a u t o c h t h o n o u s  f l o r a  o f  v e r t e b r a t e s  has  b ee n  in fe .  r e d  s in c e  t h e  t u r n  
o f  t h e  c e n t u r y ,  w h e n  t h e s e  d i s t i n c t i v e  m ic r o o r g a n i s m s  w e r e  o b s e r v e d  
in  t h e  d i g e s t i v e  t r a c t s  o f  a v a r i e t y  o f  c l i n i c a l l y  h e a l t h y  an im a ls  
{ M a c f i e ,  1916) .  S in c e  t h e n ,  s p i r o c h a e t e s  h a v e  b ee n  r e p o r t e d  as 
i n h a b i t i n g  t h e  lu m en  c o n t e n t s  a n d  e p i t h e l i a l  s u r f a c e s  a lo n g  t h e  e n t i r e  
G IT , D u e  t o  t h e i r  g e n e r a l  r e f r a c t i v e n e s s  t o  in vitro c u l t u r e ,  
s t u d i e s  of s p i r o c h a e t e s  in  t h e  G I T  h a v e  c e n t e r e d  a r o u n d  h o s t  d i s ­
t r i b u t i o n  a n d  lo c a t i o n  o f  s p i r o c h a e t e s  w i t h  d i f f e r e n t  m o rp h o lo g ie s .  
E s s e n t i a l l y  n o t h i n g  is k n o w n  a b o u t  t h e  p h y s i o l o g y  a n d  n i c h e  o f  
s p i r o c h a e t e s  in  t h e  g a s t r o i n t e s t i n a l  '  v i r o n m e n t  ( C w y k  a n d  
C a n a ie - P a r o la ,  1979)  a n d  s p e c u la t i o n  on t h e i r  c o n t r i b u t i o n  t o  t h e  
f u n c t i o n i n g  o f  t h i s  e c o s y s t e m  can o n l y  be  m ade  w h e n  t h e s e  o r g a n i s m s  
h a v e  b e e n  e x t e n s i v e l y  s t u d i e d  in vitro.
2 .1 .1  S p iro c h a e te s  o f th e  stomach
H e l ic a i  ’• ‘--•Ded b a c t e r i a  w i t h  a m a r k e d  p r e d i l e c t i o n  f o r  o p e n i n g *  o f  
f u n d i r  g l a n d s ,  i n h a b i t  t h e  s tom a ch  o f  v a r i o u s  a n im a ls  i n c l u d i n g  d o g s  
( L o c k a r d  a n d  B o le r ,  1970; P m d a k  e£ &1 , , 1965; S e d a r  a n d  F r ie d m a n ,  
1961; V ia l  a n d  O r r e g o ,  1960; W e b e r  a n d  S c h m i t t d e l ,  1 96 2 ) ,  r a t s  
( D o e n g e s ,  1939; S a v a g e ,  1977a) ,  h u m a n s  a n d  m o n k e y s  ( D o e n g e s ,  
1939; P a lm e r ,  1954) .  T h e s e  o r g a n i s m s  a s s o c ia te  i n t i m a t e l y  w i t h  t h e  
b r u s h  b o r d e r s  o f  t h e  g l a n d  ce l ls  ( S a v a g e ,  1983)  a n d  occas  - m a l l y  
p e n e t r a t e  i n t o  t h e  p a r i e t a l  ce l ls  ( W e b e r  an d  S c h m i t t d i e l ,  1962^ T h e
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p r e s e n c e  o f  l o p h o t r i c h o u s  f l a g e l l a - ! i k e  a p p e n d a g e s  la d  t o  t h e s e  b a c ­
t e r i a  o r i g i n a l l y  b e i n g  c la s s i f i e d  as Spirillum s p e c ie s ,  b u t  s in c e  t h e y  
a ls o  p o sse ss  p e r i p la s m ic  f i b r i l s ,  t h e  s u g g e s t i o n  t h a t  t h e y  b e l o n g  t o  
t h e  Spirochaetales has  been  made ( L o c k a r d  a n d  B o le r ,  197 0 ) .  In
r e c e n t  , e a r s ,  t h e s e  b a c t e r i a  h a v e  r e c e i v e d  l i t t l e  a t t e n t i o n  f r o m  4
m i c r o b i o l o g i s t s  ( S a v a g e ,  1983).
2 . 1 . 2  S p iro c h a e U s  o f th e  small in te s tin e
A h i g h l y  m o t i le  s p i r a l  o r g a n i s m  r e s id e s  in  t h e  c r y p t s  o f  L i e b e r k u h n  x
o f  t h e  i l ea l m u co sa  o f  t h e  r a t  ( H a n s o n ,  1970; P h i l l i p s  et al., 197 8 ) .
M o r p h o l o g i c a l l y , t h i s  o r g a n i s m  is s im i l a r  t o  t h a t  w h i c h  i n h a b i t s  t h e  
g a s t r i c  m u c o s a ,  a n d  c o n s i s t s  o f  a c o i le d  p r o t o p la s m i c  c y l i n d e r  e n ­
c i r c l e d  b y  p e r  p t a s m ic  f i b r i l s  t h a t  a r e  c o n t i n u o u s  f r o m  o n e  e n d  t o  
t h e  o t h e r ,  a n d  e n c lo s e d  b y  a s h e a th  w h ic h  g i v e s  r i s e  to  o o l a r ,
f l a g e i l a - i i k e  a p p e n d a g e s  ( E r l a n d s e n  a n d  C h a s e ,  1972) .  A l t h o u g h
n o t  i n t i m a t e l y  a s s o c ia t e d  w i t h  t h e  e p i t h e l i u m ,  a n d  n o t  f o u n d  w i t h i n  
g o b le t  o r  u n d i f f e r e n t i a t e d  c r y p t  c e l l s ,  t h i s  o r g a n i s m  has been  o b ­
s e r v e d  w i t h i n  p a n e t h  c e l l s ,  w h e r e  i t  u n d e r g o e s  d i g e s t i o n  ( E r l a n d s e n  
a n d  C h a s e ,  1972; W e n d e ls c h a f e r  et a!., 1 97 3 ) .
2 . 1 . 3  S p i r o c h a e t e s  o f  t h e  l a r g e  i n t e s t i n e  ( c a e c u m  a n d  c o io n )
S p i r o c h a e t e s  a r e  n o . m a l l y  p r e s e n t  in  t h e  caeca  o f  d o g s  ( P in d a k  et 
& 1 ., 196 5 ) ,  p i g s  ( C w y k  a n d  C a n a le - P a r o la ,  197 9 ) ,  r a t s  ( D a v i s  «?c
a l . , 1972a; 1972b ;  Leach  et aJ. , 1973; P h i l l i p s  si., 1978) a n d
m ice  ( S a v a g e  ec , 197 1 ) ,  w h e r e  t h e y  a r e  a s s o c ia t e d  p r i m a r i l y  w i t h  
t h e  m ucosa l l a y e r  a n d  are  se ldom  seen in  t h e  lu m en  c o n t e n t s  ( D a v i s ,
1976; K n e h a n s  a n d  O 'D e l l ,  1980; Leach  et al., 1973, S a v a g e  a n d  
B l u m e r s h m e ,  1 9 7 4 ) .  In  m ic e ,  s p i r o c h a e t e s  a n d  f l a g e l ' a t e d  s p i r a l  
b a c t e r i a  c o lo n iz e  t h e  m u c o u s  l a y e r  o f  t h e  c aecu m  a n d  c o l o r  w h e n  t h e  
a n im a ls  a r e  t h r e e  t o  f i v e  d a y s  o ld  ( D a v is  a n d  S a v a g e ,  1972; D a v is
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et a l ., 1973; S a v a g e  et a]., 1 9 7 1 ) .  T h e s e  b a c t e r i a  a r e  a m o n g  t h e  
f i r s t  i n h a b i t a n t s ,  a n d  t h a i r  p r e s e n c e  m ay  b e  n e c e s s a r y  f o r  t h e  e s ­
t a b l i s h m e n t  o f  c o n d i t i o n s  t h a t  a r e  f a v o u r a b l e  f o r  t h e  s u r v i v a l  o f  t h e  
f u s i f o r m  b a c t e r i a  t h a t  l a t e r  c o lo n i z e  t h i s  h a b i t a t  ( D a v i s  a n d  S a v a g e ,
1 9 7 2 ) .  In  t h e  a d u l t  a n im a l ,  t h e  f u s i f o r m s  a n d  s p i r a l  b a c t e r i a  
c o - i n h a b i t  t h i s  m u c u s  l a y e r  ( S a v a g e  et al., 1071; S a v a g e  a n d  
B l u m e r s h i n e ,  1 97 4 ) .
T w o  o f  t h e  t h r e e  m o r p h o l o g i c a l l y  d i s t i n c t  t y p  , o f  s p i r a i  b a c t e r i a  
w h i c h  i n h a b i t  t h e  l a c u  r y p t s  o f  n o r m a l  r a t s  h a v e  s p i r o c h a e t e  
m o r p h o l o g y  m 'u s  p e r i p . a s m ic  f i b r i l s  ( D a v i s ,  et a J .,
1972b;  Leac!" ec a '/ t 'h ese  s p i r o c h a e t e s  o c c a s i o n a l l y  p e n e ­
t r a t e  t h r o u g h  t h e  e p i t i i e n v . .  a n d  i n t o  t h e  la m ina  p r o p r i a ,  w h e r e  t h e y  
a r e  f o u n d  e i t h e r  in  p h a g o c y t e s  o r  in e x t r a c e l l u l a r  lo c a t i o n s .  T h e  
m e c h a n is m  b y  w h ic h  s p i r o c h a e t e s  p e n e t r a t e  t h e  e p i t h e l i u m  is u n ­
k n o w n ,  b u t  is a s p o n ta n e o u s  p r o c e s s  a n d  doe s  n o t  a p p e a r  t o  h a v e  
an a d v e r s e  e f f e c t  on  t h e  h o s t  ( D a v i s  e t  a I ., 1 9 7 2 b ) .  O n e  o f  t h e s e  
s p i r o c h a e t e s  has  a " c l a s s i c a l " ' s p i r o c h a e t e  u l t r a s t r u c t u r e ,  a n d  is 
f o u n d  w i t h i n  t h e  m u c o u s  g r a n u l e s  o f  t h e  g o b le t  c e l l s ,  w h e r e a s  t h e  
o t h e r ,  w h ic h  has  p o l a r  a p p e n d a g e s  in a d d i t i o n  t o  p e r i p la s m - c  f i b r i l s ,  
d o e s  n o t  p e n e t r a t e  t h e  g o b le t  c e l ls  ( D a v i s  al . ,  1 0 7 2 b ) .
T r e p o n e m e s  a r e  n o r m a l l y  p r e s e n t  in  t h e  co lon  o f  h - a l t h y  d o g s  
( P i n d a k  et al., 196 5 ) ,  r a t s  ( H a n s o n ,  1970)  an d  m ic e  ( S a v a g e  e t  
a l . , 1971)  In  al l  t h r e e  a n im a ls ,  t h e  b a c t e r  a I p o p u l a t i o n  a t  t h e  base  
o f  t h e  c r y p t s  c o n s i s t s  a lm os t  e x c l u s i v e l y  o f  h e l ic a l  s h a p e d  b a c t e r i a ,  
w h i l e  a t  t h e  m o u t h  o f  t h e  c r y p t s ,  t h e  h e l ic a l  b a c t e r i a  i n t e r m i n g l e
S p i r o c h a e t e  w i t h  an u l t r a s t r u c t u r e  s uch  as t h a t  d e s c r i b e d  in c h a p t e r  
1. U s e d  to  d i s t i n g u i s h  f r o m  " a t y p i c a l "  s p i r o c h a e t e s  in  t h e  r a t  g u t  
w h i c h  h a v e  b o t h  p e r i p la s m ic  f i b r i l s  an d  f l a g e l l a - l i k e  a p p e n d a g e s
w i t h  f u t . f o r m s  ( Lea ch  et a l ., 1973; P i n d a k  et a l ., 1965;  Sa' age ,
1 9 8 3 ) .  T h e  r a t  c o l o n ic  s p i ro c h a e te * .  m a y  a t t a c h  f i r m l y  t o  c e l l s  at  
t h e  base  o f  t h e  c r y p t s ,  ( H a n s o n ,  1 9 7 0 ) ,  w h i l e  t h e  d o g  a n d  m ice 
s p i r o c h a e t e s  do  n o t  a d h e r e  t o  t h e  e p i t h e l i a l  c e l l s ,  e v e n  t h o u g h  t h e y  
a r e  o c c a s i o n a l l y  o b s e r v e d  w i t h i n  t h e  g o b l e t  c e l l s  ( L e a c h  e t  al.,
1 9 7 3 ) .
A l t h o u g h  e v i d e n c e  c o n c e r n i n g  t h e  a u t o c h t h o n i c i t v  o f  s p i r o c h a e t e s  in 
t h e  G I T  is i n c o n c l u s i v e ,  t h e r e  a r e  s t r o n g  r e a s o n ?  t o  b e l i e v e  t h a t  
s p i r o c h a e t e s  a r e  a u t o c h t h o n o u s  in t h e  l a r g e  i n t e s t i n e  (c a e c u m  a n d  
c o l o n ) ,  a n d  p o s s i b l y  in  e t h e r  a reas  o f  t h e  G I T  ( S a v a g e ,  " i983),  
T h e  asm o f  t h i s  p a r t  o f  t h e  s t u d y  was t o  e x a m in e  t h e  e c o lo g y  o f  r a t  
g a s t r o i n t e s t i n a l  s p i r o c h a e t e s  w i t h  a v ie w  t o  e s t a b l i s h i n g  t h e i r  
a u t o c h t h o n o u s  s t a t u s .  H a b i t a t s  in  t h i s  e c o s y s t e m  w e r e  d e t e r m i n e d  
b y  b o t h  l i g h t  a n d  e l e c t r o n  m i c r o s c o p y  a n d  e s t im a t e s  o f  p o p u la t i o n  
d e n s i t i e s  w e r e  m ade  u s i n g  d i r e c t  m ic r o s c o p i c  c o u n t i n g  t e c h n i q u e s .  
In  a d d it io n , >e s e q u e n t i a l  c o l o n iz a t i o n  p a t t e r n  b y  b a c t e r i a  in  i n f a n t  
r a t  g u t  was e x a m in e d  in  o r d e r  t h a t  a l l  c r i t e r i a  f o r  a u t c c h t h o n i c i t y  
c o u l d  b e  s a t , s f t e d .
2 . 2  M A T E R I A L S  A N D  M E T H O D S
2 . 2 . 1  L o c a liza tio n  o f  s p iro c h a rte s  in  ih a  r a t  G I T
A n im a ls
F i f t e e n  c o n v e n t i o n a l  a n d  f i v e  s p e c i f i c  p a t h o g e n  f r e e  ( S P F j ,  250 -35 0g  
W is t a r  r a t s  (Rsttus norvegjeus) o f  e i t h e r  sex  w e r e  u s e d  in  t h i s  
s t u d y .  A n im a ls  w e re  o b t a i n e d  f r o m  a c e n t r a l  u n i  v a r s i t y  f a c i l i t y  
w h e r e  t h e y  w e r e  h o u s e d  in i n d i v i d u a l  w i r e  c a g t » w i t h  v e r m i c u i i t e  
as b e d d i n g  T h e y  w e r e  f e d  c o m m e rc ia l  r a t  pel  le ts  ( E p o l ,  
J o h a n n e s b u r g ,  S o u th  A f r i c a )  w i t h  t h e  f o l l o w i n g  c o m p o s i t i o n :  p r o t e i n .
1 8 0 g / K g ;  m o i s t u r e ,  1 2 0 g / K g ;  f a t ,  2 5 g / K g ;  f i b r e ,  6 0 g / K g ;  c a l c iu m ,  
1 8 g / K g ;  p h o s p h o r u s ,  7 g / K g  a n d  s u p p l e m e n t a r y  t r a c e  m in e r a l s  a n d  
v i t a m i n s .  W a t e r  was a v a i l a b le  ad lib. A n im a ls  w e r e  s a c r i f i c e d  b y  
d i s l o c a t i o n  o f  t h e  n e c k  a n d  w e r e  d i s s e c t e d  im m e d ia te l y .
S am p lin g  s ite s
R e p r e s e n t a t i v e  sam p le s  f r o m  b o t h  t h e  lu m e n  a n d  e p i t h e l i a l  s u r f a c e  
w e r e  co l l  a t e d  f r o m  t h e  s tom a ch  ( k e r a t i n i z e d  r e g i o n ) ,  d u o d e n a l  a n d  
i le a l  r e g io n s  o f  t h e  small  i n t e s t i n e ,  a n d  d i s t a l  a n d  p r o x im a l  r e g io n s  
o f  t h e  c aecu m  a n d  c o lo n .
L ig h t  M ic ro s co p y
S a m p le d  lu m e n  c o n t e n t s ,  w e r e  d i l u t e e  in  s a l in e  ( a p p r o x i m a t e l y  1 in  
5 d i l u t i o n ) ,  a n d  a f i lm  made on a m ic r o s c o p e  s l i d e .  E p i t h e l i a l  
m i c r o f l o r a  w as  s a m p le d  b y  m a k in g  a f i l m  o f  s c r a p i n g s  f r o m  t i s s u e s  
t h u t  ha d  b ee n  l i g h t l y  w a s h e d  b y  d i p p i n g  1 0  t im e s  i n t o  a b e a k e r  
c o n t a i n i n g  s a l in e ,  a n d  a f u r t h e r  5 t im e s  i n t o  c le an  s a l in e  s o l u t i o n .  
T h e  m a te r i a l  w as  h e a t  f i x e d  a n d  s t a in e d  b y  a m o d i f i e d  G ra m  m e th o d ,  
in  w h i c h  Z i e h l - N e e is e n  c a r b t ' t  i c h s in  w as  u s e d  as a c o u n t e r s t a i n  
( A p p e n d i x  A ( 1 ) )  T h i s  m o d i f i c a t i o n  w as  n e c e s s a r y  s in c e
s p i r o c h a e t a s  g e n e r a l l y  d o  n o t  s ta in  r e a d i l y  w i t h  a n i l i n e  d y e s .  M a ­
t e r i a l  f r o m  t h e  f i r s t  5 r a t s  w as  a io  s t a in e d  u s i n g  *h e  F o n ta n a  m e th o d  
( A p p e n d i x  A ( 2 ) ) .  T h e  use o f  t h i s  s t a in  was d i s c o n t i n u e d  s in c e  al l  
s p i r o c h a e t e s  c o u l d  be  o b s e r v e d  us  n g  t h e  m o d i f ie d  G ra m  s ta in  w h i c h  
was less c a p r i c i o u s .  T h e  f i lm s  w e r e  e x a m in e d  f o r  t h e  p r e s e n c e  o f  
s p i r a l  b a c t e n a  u s i n g  an o i l  o b j e c t i v e  le n s .  Samoles  f i x e d  in 
f o r m o l - s a l i n e  i4% f o r m a l d e h y d e  in  s a l i n e )  w o r e  a lso  e x a m in e d  b y  
p h a s e  c o n t r a s t  m i c r o s c o p y .  S p i r a l  b a c t e r i a  w e re  c l a s s i f i e d  a c c o r d i n g  
t o  s ize  e n d  g e n e r a l  m o r p h o h j y .
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E le c tro n  M ic ro s co p y  -  N e g a tiv e  S ta in in g
D i l u t e d  lu m en  c o n t e n t s  a n d  s c r a p i n g s  f r o m  l i g h t l y  w a s h e d  e p i t h e l i a  
{vide supra) we r t .  n e g a t i v e l y  s t a in e d  w i t h  2.5% p h o s p h o t u n g s t i c  a c id  
( A p p e n d i x  R ( 1 ) )  a n d  e x a m in e d  u s i n g  a Joe l 100S t r a n s m i s s io n  
e l e c t r o n  m ic r o s c o p e  o p e r a t i n g  a t  SOKeV ( J o e l ,  T o k y o ,  J a p a n ) .  T h i s  
e n a b le d  s p i r o c h a e t e  s u b p o p u l a t i o n s  t o  be  i d e n t i f i e d  a t  t h e  
u i t r a s t r u c t u r a l  l e v e l .
T ransm ission and  S c a n n in g  E le c tro n  M ic ro s co p y
W a s h e d  e p i t h e l i a l  t i s s u e s  w e re  f i x e d  in  3% g l u t a r a l d e h y d e  in  i s o to n ic  
0 . 1 M  p h o s n h a t e  b u f f e r  ( p H  7 . 2 )  ( A p p e n d i x  8 ( 2 ) )  f o r  a m in im u m  o f  
24 h o u r s  a t  4 ° C .  T i s s u e s  w e r e  c u t  i n t o  s m e l l e r  p ie c e s  ( c .  1cm* f o r  
s c a n n i n g  e l e c t r o n  m ic r o s c o p y  ( S E M ) ,  a n d  0 .5 m m *  f o r  t r a n s m i s s io n  
e l e c t r o n  m ic r o s c o p y  ( T E M ) ) ,  p o s t - f i x e d  in 1% osm iu m  t e t r o x i d e  in  
p h o s p h a t e  b u f f e r ,  w a s h e d  a n d  d e h y d r a t e d  in  a g r a d e d  a l c o h o l  s e r ie s  
( A p p e n d i x  8 ( 4 ) ) ,  F o r  T E M ,  t i s s u e s  w e r e  c le a r e d  in  p r o p y l e n e  o x i d e  
a n d  e m b e d d e d  in e p o n - a r a l d i t e  r e s in  ( A p p e n d i x  8 ( 3 ) ) . T h i c k  
s e c t i o n s  H u m )  w e r e  s t a in e d  w i t h  t o l u i d i n e  b l u e  s o l u t i o n  ( A p p e n d i x  
6 ( 5 ) )  a n d  e x a m in e d  w i t h  a l i g h t  m ic r o s c o p e .  U l t r a t h i n  s e c t i o n s  w e r e  
s t a in e d  w i t h  u r a n y l  a c e t a t e - l e a d  c i t r a t e  s e q u e n c e  ( A p p e n d i x  8 ( 6 ) )  
a n d  e x a m in e d  u s i n g  a Jeo l 1005 t r a n s m i s s i o n  e l e c t r o n  m ic r o s c o p e  a t  
an  a c c e l e r a t i n g  v o l t a g e  o f  SOKeV. F o r  SEM,  d e h y d r a t e d  t i s s u e  was 
c r i t i c a l  p o i n t  d r i e d ,  c o a te d  w i t h  g o l d  ( 2 0 n m )  a n d  e x a m in e d  u s i n g  a 
Joe l T 20  s c a n n i n g  e le c tro n  m ic r o s c o p e  o p e r a t i n g  a t 2 0 K e V .
2 . 2 . 2  T o t a l  C o u n t s
T h e  m e th o d  o f  H o ldem an  a l . ,  (1974 )  was u s e d  t o  d e t e r m i n e
n u m b e r  o f  s p i r o c h a e t e s  in v a r i o u s  s a m p l i n g  a r e a s .  C n e  g r a m m e  ( w e t  
w e i g h t )  o f  lu m e n a l  c o n t e n t s  was p la c e d  in  9 . 0  m l  o f  s a l in e ,  v o r t e x e d
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a n d  a 0 . 0 1 m l  a l i q u o t  s p r e a d  e v e n l y  o v e r  a 1 cm * a rea  m a r k e d  o n  a
g la s s  s l i d e .  T h e  s am p le  was h e a t  f i x e d ,  G r  s t a in e d  ( A p p e n d i x
A ( 1 ) )  a n d  t h e  n u m b e r  o f  m o r p h o l o g i c a l l y  d i s t i n c t  s p i r a l  b a c t e r i a  in
f i f t y  f i e l d s  w as  c o u n t e d .  T h e  t o t a l  n u m b e r  o f  each  m o r p h o t y p e  was
t h e n  c a l c u la t e d  u s i n g  t h e  f o r m u l a :
x = k a d  1 0 0
x  = t o ta l  n u m b e r  o f  each  m o r p h o t y p e  p e r  g ra m m e  o f  sam p le
k  = n u m b e r  o f  f i e l d s  in  1 cm *  a t  lOOOx m a g n i f i c a t i o n
a = a v e r a g e  n u m b e r  o f  each  b a c t e r i a l  m o r p h o t y p e  p e r  f i e l d
d  = d i l u t i o n  f a c t o r
F o r  e p i t h e l i a l  t i s s u e ,  1g  o f  l i g h t l y  x .a s h e d  e p i t h e l i u m  {vide supra) 
was h o m o g e n iz e d  in  a G r i f f i t h s  t u b e  in  5 m I  o f  s a l in e ,  a n d  0 . 0 1 m l  
a p p l i e d  t o  a s l i d e  a n d  p r o c e s s e d  as d e s c r i b e d  a b o v e .
2 . 2 . 3  F l u o r e s c e n t  a n t i b o d y  t r a c i n g
In  an a t t e m p t  t o  a c c u r a t e l y  d e f i n e  t h e  h a b i t a t s  o f  v a r i o u s  s p i r o c h a e t e  
t y p e s  in t h e  r a t  G I T ,  f l u o r e s c e n t  a n t i b o d y  t r a c i n g  o f  G I T  sam p le s  
was p e r f o r m e d .  A n t i b o d i e s  t o  s p i r o c h a e t e  t y p e s  A B ,  C a n d  D 
( w h i c h  as a r e s u l t  o f  c o n c u r r e n t  w o r k  h a d  b e e n  c u l t i v a t e d  in
vitro), w e re  r a is e d  in New Z e a la n d  w h i t e  r a b b i t s  a c c o r d i n g  t o  t h e  
im m u n iz a t i o n  s c h e d u le  in  A p p e n d i x  C O  a n d  2 ) .  I m m u n o g lo b u l i n s  
w e re  p u r i f i e d  f r o m  t h e  s e r u m  u s i n g  t h e  R iv a n o l  m e th o d  ( W a lk e r  e f  
a / . ,  1971) ( A p p e n d i x  C ( 3 ) ) ,  w h i c h  r e m o v e s  b o t h  a l b u m in  an d  o an d  
B g l o b u l i n s  t o  g i v e  a c h r o m a t o g r a p h i c a l l y  p u r e  im m u n o g l o b u l i n  
p r e p a r a t i o n  w h ic h  is s u i t a b le  f o r  im m u n o f lu o r e s c e n c e .  A s  a c o n t r o l ,  
n o r m a l  r a b b i t  s e r u m ,  t r e a t e d  in  t h e  same w a y ,  w as  u s e d .
S e c t io n s  f r o m  t h e  i le u m ,  caecu m  an d  co lon  w e r e  d i s s e c te d  f r o m  t w o
c o n v e n t i o n a l  W is t a r  r a t s ,  p la c e d  in  p l a s t i c  b a g s ,  q u e n c h e d  in l i q u i d
n i t r o g e n  -*nd s t o r e d  a t  - 2 0 ° C .  T h i c k  s e c t io n s  o f  O.Sum w e r e  c u t  
u s i n g  . , y o s t a t ,  f i x e d  in  m e th a n o l  a n d  s t a ' - e d  as d e s c r i b e d  in
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A p p e n d i x  0 ( G )  u s i n g  a p p r o p r i a t e  a n t i s e r u m  an d  f l u o r e s c e i n  d i ­
l u t i o n s  . T o  q u e n c h  a u t o f l u o r e s c e n c e ,  t i s s u e  was c o u n t e r s t a i n e d  w i t h  
1% E v e n s  b l u e  B D H )  f o r  5 m in u t e s  a n d  w a s h e d  in p h o s p h a t e  b u f f e r e d  
s a l in e  ( P B S )  p r i o r  to  m o u n t i n g  in p h o s o h a t e  b u f f e r e d  g l y c e r o l  s o l ­
u t i o n  ( A p p e n d i x  C i G ) ) . A n  a l t e r n a t i v e  a p p r o a c h ,  u s i n g  f i lm s  o f  
lu m en  c o n t e n t s ,  a n d  im p r e s s io n s  o f  l i g h t l y  w a sh e d  e p i t h e l i a l  t i s s u e s  
{vide supra) was a lso  u s e d .  E p i t h e l i a l  im p r e s s io n s  w e r e  made b y  
p l a c in g  a small  p iece  o f  t h e  w a s h e d  t i s s u e  ( lu m e n  s id e  d o w n )  o n t o  
a c le a n  m ic ro s c o p e  s l i d e  a n d  a p p l y i n g  p r e s s u r e  o n t o  t h e  t . s s u e .  
F i lms W3 i j  a i r  d r i e d ,  f i x e d  in m e th a n o l  an d  s t a in e d  as d e s c r i b e d  in 
A p p e n d i x  C ( 6 ) .  S l id e s  w e r e  e x a m in e d  w i t h  a L e i tz  e p i f l u o r e s c e n t  
m ic r o s c o p e  f i t t e d  w i t h  an e x c i t a t i o n  UGI S c h o t  f i l t e r ,  a pa le  y e l lo w  
b a r r i e r  f i l t e r  a n d  w a t e r  im m ers ion  o b j e c t i v e s  ( L e i t z ,  W e t z la r ,  West  
G e r m a n y ) .
2 . 2 . 4 .  S u c c e s s io n
T h e  c o lo n iz a t i o n  p a t t e r n  o f  a u t o c h t h o n o u s  s p i r o c h a e t e s  in  i n f a n t  rr * 
was s t u d ie d  in  t w o  l i t t e r s  o f  c o n v e n t i o n a l  r a t s  b o r n  in  t h e  l a b o n -  
to> / ,  an d  m a in t a in e d  as p r e v i o u s l y  d e s c r i b e d .  I n f a n t s  f r o m  t h e  f i r s t
l i t t e r  ( l i t t e r  A )  w e re  s a c r i f i c e d  on d a y s  3,  6 , 9,  12, 14, 16, 18, 
20,  24 an d  30, w h i l e  i n f a n t r  f r o m  t h e  s econ d  l i t t e r  (I  t t e r  B )  w e r e  
s a c r i f i c e d  on d a y s  8 , 11, 13, 15, 17, 19, 21 , 26, 2 °  a n d  33.  T h e  
i n f a n t s  w e r e  k i l l e d  b y  c e r v i c a l  d i s l o c a t i o n ,  t r a n s p o r t e d  i n t o  t h e  
a n a e r o b ic  c a b i n e t  w h e r e  samples f r o m  caecum  a n d  co lon  w e r e  d e ­
t e c t e d  o u t  f o r  c u l t u r i n g  ( c h a p t e r  3 ) .  A f t e r  re m o va l  f r o m  t h e  c a b i ­
n e t ,  s e c t io n s  f r o m  t h e  d u o d e n u m ,  i l e u m ,  caecu m  ( f r o m  d a y  11  
o n w a r d s )  a n d  co lon  w e r e  p la c e d ,  w i t h o u t  w a s h in g ,  i n t o  3% 
g l u t a r a l d e h y d e  h i 0 .1 M  p h o s p h a t e  b u f f e r  ( p H  7 . 2 )  ( A p p e n d i x  B ( 2 ) )  
a n d  s t o re d  a t  4 ° C .  T h e s e  samples w e r e  p roc  ssed  f o r  t r a n s m is s io n  
a n d  s c a n n in g  e le c t r o n  m ic r o s c o p y  as p r e v i o u s l y  d e s c r i b e d .  Samp >s 
f o r  G ram s t a in i n g  ( A p p e n d i x  A(  1 ) )  a n d  n e g a t i v e  s t a in i n g  t r a n s ­
m iss io n  e l e c t r o n  r  r o t  c o p y  ( A p p e n d i x  B( 7 ) )  w e r e  also t a k e n .
— \  X s 5*"-
2 .3 .  R E S U LT S
2 . 3 .1 .  D is t r ib u t io n  o f  s p iro c h a e te s  in  th e  r a t  G IT
A t  th e  l i g h t  m ic ro s c o p e  le v e l , a t le a s t 8  m o rp h o lo g ic a lly  d is t in c t
h e lic a l b a c te r ia  c o u ld  be d is c e rn e d  (F ig .  3 ) ,  a lth o u g h  n e g a tiv e
s ta in in g  - t ra n s m is s io n  e le c tro n  m ic ro s c o p y  re v e a le d  th a t  o n ly  4 o f
th e s e  h a d  a " c la s s ic a l”  s p iro c h d e te  u l t r a s t r u c t u r e  ( T yp e s  A - D  in  
F ig . 3 ) H e lic a l b a c te r ia  w i th  b o th  p e r ip la s m ic  f ib r i l s  an d  b ip o la r
f ia g e lla  w e re  a lso  o b s e rv e d  ( T y p e s  E a n d  F in  H e .  3 ) .  T y p e  G , a 
s p i r t  o f-a an ism  t y p ic a l ly  a s s o c ia te d  w ith  th e  e p ith e lia l c r y p ts  o f  th e  
iie u m , caecum  a n d  c o lo n , d id  n o t a p p e a r  to  h a v e  e i th e r  f la g e lla  o r  
p e r ip la s m ic  r i a n d  in  t r a n s v e rs e  s e c t io n  w as d is t in g u is h e d  b y  
h a v in g  a c h a r a c te r is t ic  loose o u te r  m e m b ra n e  s u r r o u n d in g  th e  c e ll.  
T y p e  H , re p re s e n ts  a h e te ro g e n e o u s  g r o u p  o f  s p i r a l b a c te r ia  w h ic h  
a t th e  e le c tro n  m ic ro s c o p e  le v e l had  o n e  o r  tw o  f la g e lla  e x te n d in g  
f ro m  one  o r  b o th  e n d s  o f th e  o rg a n is m ; a m o rp h o lo g y  c o n s is te n t  w ith  
t h a t  o f  m em b ers  o f th e  Campylobacter g e n u s . B ased  on f la g e lla t io n  
c h a r a c te r is t ic s ,  a t le a s t th re e  Campylobacter so e c ie s  w e re  p r o b a b ly  
re p re s e n te d ,  a lth o u g h  no a t te m p t was m ade to  re c o g n iz e  d i f f e r e n t  
c a m p y lo b a c te r  ty p e s  a t th e  l ig h t  m ic ro s c o p e  le v e l .
th e  con
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S p ir a l b a c te r ia  w e re  o n ly  p r e s e n t  in  th e  G IT  o f  c o n v e n t io n a l a n im a ls , 
a n d  w e re  noc fo u n d  in  -m y o f  th e  s a m p le d  h a b ita ts  o f  th e  f iv e  SPF 
r a ts  e x a m in e d . E c o lo g ic a lly ,  th e  d i f f e r e n t  s p iro c h a e te  p o p u la t io n s  
v a r ie d  w ith  r e s p e c t  to  p o p u la t io n  d e n s it ie s  a t ta in e d  in  d i f f e r e n t  r e ­
g io n s  o f  th e  g u t  a n d  o c c u p a tio n  o f  p a r t ic u la r  s p a t ia l h a b ita ts .  A 
d e ta i le d  d e s c r ip t io n  o f th e  v a r io u s  s p iro c h a e te  p o p u la t io n s  w i th in  th e  
c o n v e n t io n a l r a t  G IT ,  to g e th e r  w itn  ih e i r  d is t r ib u t io n  is  p re s e n te d  
b e lo w . T h e s e  r e s u lts  w e re  o b ta in e d  p r im a r i ly  ty  ' g h t  m ic ro s c o p y ,  
b u t  w e re  c o n f irm e d  b y  n e g a tiv e  s ta in in g  t ra n s m is s io n  s le c tro n  
m ic ro s c o p y .
T y p e  A  s p iro c h a e te s ,  w e re  lo o s e ly  c o i le d  " b o r r e l i a - l ik e ”  o rg a n is m s  
1 0 .0 t1 .5 7 u m  in  le n g th  a n d  0 .4 4 £ 0 .0 6 y m  in  d ia m e te r .  T h e ir  c o ils  w e re  
a r ra n g e d  in  a r e g u la r  m a n n e r  w i th  e ach  o rg a n is m  h a v in g  3 -5  c o ils  
c .  2 .5 y m  a p a r t .  T h e s e  w e re  th e  la rg e s t  o f  t h e  " c la s s ic a l"  
s p iro c h a e te s  o^ s e rv e d  in  th e  r a t  G IT ,  a n d  w e re  r e a d i ly  d i s t i n ­
g u is h a b le  f ro m  th e  s m a lle r  s p i r a l b a c te r ia .  Each o rg a n is m  h a d  7 o r  
8  p e r ip la s m ic  f la g e lla  o r ig in a t in g  f ro m  e ach  p o le  a n d  th e s e  o v e r la p p e d  
a t  th e  c e n te r  o f  th e  p ro to p la s m ic  c y l in d e r  to  g iv e  a 7 -1 4 -7  o r  8 -1 6 -8  
p e r ip la s m ic  f i b r i l  a r ra n g e m e n t .  T h e  a x ia l f i b r i i s  w e re  c. 17nm  in  
d ia m e te r ,  a n d  • in s e r t io n  p o in ts  w e re  a r ra n g e d  in  a l in e  a t  th e  
p o le s  o f  th e  o . - , ,n is m .  T h e  p r o to p la s m ic  c y l in d e r  te rm in a te d  in  
s l i g h t ly  ta p e r e d ,  r o u n d  e n d s . A l th o u g h  th e s e  o rg a n is m s  w e re  
g r a m -n e g a t iv e  w i th  th e  modified C r a m  stain, t h e y  f r e q u e n t ly  s ta in e d  
i r r e g u la r l y  w i th  u n d if fe r e n t ia te d  a re a s  a t r e g u la r  in te r v a ls  a lo n g  th e  
p ro to p la s m ic  c y l in d e r ,  g iv in g  th e  o rg a n is m  a b e a d e d " a p p e a ra n c e . 
T h e s e  b a c te r ia  w e re  o b s e rv e d  in  a l l o f  th e  ra ts  e x a m in e d  a n d  w e re  
lo c a liz e d  p r im a r i ly  in  th e  la rg e  b o w e l w h e re  th e y  w e re  a s s o c ia te d  
b o th  w ith  th e  e p ith e lia l t is s u e  an d  th e  lu m en  c o n te n ts .  T h e  e s t i ­
m a te d  to ta l p o p u la t io n  d e n s ity  a t ta in e d  b y  th e s e  b a c te r ia  w as
a  tO *-10* organism 
n um ber o f ra ts  in wt 
T o ta l n um ber o f ra ts
F ig  4a S ch em atic  r e p re s e n ta t io n  o f d is t r ib u t io n  and 
*  w - i . - . i  t - - - . -  —  .  . k _ _ __   r- i t  v - , . . •"*_ * 10* o rg a n is m s /g , 
lum bers in d ic ate  tn e  
each sam pling s ite ;
p o p u la t io n  d e n s ity
3 ±2 .1  x 10* o r g a n is m s /g  o f  caeca ! lu m en  c o n te n ts ,  4 .9 ± 0 .8  x 10*
o rg a m s m s /g  o f  caeca ! e p ith e lia l t is s u e ,  1 .6 ± 1 .5  x 10* o rg a n is m s /g  
p ro x im a l co lo n  lu m en c o n te n ts  a n d  5 .3 ± 3  6  x 10* o r g a n is m s /g  o f  
p ro x im a l co lo n  e p ith e lia l t is s u e  ( n = 5 ) .  T h e  d is t r ib u t io n  o f  th e s e  
b a c te r ia  in  th e  r a t  g u t  is  s c h e m a t ic a l ly  re p re s e n te d  in  F ig . 4a .
Type B s p iro c h a e te s  w e re  5 .8 ± 1 .3 y m  lo n g  a n d  0 .3 3 ± 0 .0 2 u m  in  w id th .  
T h e s e  b a c te r ia  w e re  c h a r a c te r iz e d  b y  h a v in g  an i r r e g u la r ,  t i g h t  
c o i l in g  an d  t y p ic a l ly  on e  c o il in  each  o rg a n is m  w as o f  g r e a te r  am ­
p l i t u d e  th a n  th e  o th e r  2 -6  c o i ls . T h e  p ro to p la s m ic  c y l in d e r  ta p e re d  
s l i g h t ly  to w a rd s  th e  p o le s  w h ic h  te rm in a te d  in  r o u n d  e n d s .  T w o  
p e r ip la s m ic  f la g e lla  o f  !4 n m  d ia m e te r  o r ig in a te d  a t each  p o le  an d  
o v e r la p p e d  a t th e  c e n te r ,  g iv in g  a 2 -4 -2  a r ra n g e m e n t .  T h e s e  b a c ­
t e r ia  w e re  fo u n d  p r e d o m in a n t ly  m  th e  lu m en  c o n te n ts  o f  th e  la rg e  
b o w e l w h e re  p o p u la t io n  d e n s it ie s  o f  6 . 6 ± 2 .4  x 10* a n d  3 .4 * 0 .3  x
IiTOMACH ' •j :'
COLON
O# r a t i  m  w h ich  t h u  orgem sm  was seen 
num ber o f  ra ts  exam ined *
each sam pling s ite ; Tota l
1 0 * o r g a n is m s /g  o f  lu m e n  c o n te n ts  w e re  r e c o rd e d  f o r  t h e  caecu m  a n d  
p ro x im a l c o lo n  respe. l i v e ly  ( n = 4 ) .  T h e  d is t r ib u t io n  o f  th e s e  b a c te r ia  
in  th e  r a t  G IT  is  d ia g ra m m a t ic a l ly  p r e s e n te d  in  F ig .  4 b .
S p iro c h a e te  ty p e s  C a n d  D , w e re  m o re  d i f f i c u l t  to  d is t in g u is h  a t th e  
l i g h t  m ic ro s c o p e  le v e l,  s in c e  th e y  w e re  o f  o v e r la p p in g  • _ a n d  b o th
e x h ib i t e d  t ig h t ,  r e g u la r  c o i l in g .  T h e  m a in  d i f f e r e n t ia t e  c r i t e r io n  
f o r  d is t in g u is h in g  th e s e  b a c te r ia  a t th e  l i g h t  m ic ro s c o p e  le v e l w e re  
t h e i r  te rm in a l e n d s ,  w i th  ty p e  C h a v in g  ta p e r e d ,  r o u n d  e n d s  an d  
ty p e  D h a v in g  r o u n d ,  n o n  ta p e re d  e n d s .
T y p e  C s p iro c h a e te s  w e re  6 .2 4 ;2 .3 y m  in  le n g th  a n d  0 .3 4 t0 .0 2 u m  in  
d ia m e te r .  T h re e  p e r ip la s m ic  f la g e lla  o r ig in a te d  f ro m  each  p o le  a n d  
o v e r la p p e d  in  th e  c e n te r  to  g iv e  a 3 - 6 - 3  a r ra n g e m e n t .  Each
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o rg a n is m  had  3 -6  r e g u la r ly  sp a ce d  c o ils  w i th  each  c o il b e in g  1 .2 um 
a p a r t  a lth o u g h  on  o c ca s io n  in d iv id u a 's  w i th  8  c o i ls  w e re  s e e n . T h e s e  
b a c te r ia  w e re  p re s e n t  in  a l l o f th e  r a ts  e x a m in e d , w e re  lo c a liz e d  
p r im a r i ly  in  th e  lu m e n  c o n te n ts  o f th e  la rg e  in te s t in e  a n d  a t ta in e d  
p o p u la t io n  d e n s it ie s  o f  3 . H I . 7 x 10* a n d  1 .6 $ 1 .2  x 10* o rg a n is m s /g  
o f  lu m en  c o n te n ts  in  th e  caecum  a n d  p ro x im a l co lo n  ( n = 5 ) . T h e ir
d is t r ib u t io n  in  th e  r a t  G IT  is  re p re s e n te d  in  F ig .  4 c .
T y p e  D s p ir o c h a e te s  w e re  th e  s - .ia lle s t o f  th e  s p iro c h a e te s ,  b e in g
4 .S i1 .4 u m  lo n g  a n d  0 .3 2 t0 .0 8 u m  w id e .  • T h e y  t y p ic a l ly  h a d  2 o r  4 
c o i ls  a lth o u g h  e x c e p tio n s  w e re  o b s e rv e d .  Each c o il was 1. 5ym a p a r t .  
T h e  p ro to p la s m ic  c y l in d e r  d id  n o t t a p e r  as i t  a p p ro a c h e d  th e  p o le s , 
w h ic h  te rm in a te d  in  r o u n d  e n d s . Each o rg a n is m  h a d  a 1 -2 -1  
p e r ip la s m ic  f i b r i l  a r ra n g e m e n t .  A l th o u g h  o b s e rv e d  in  14 o u t  o f  th e
* x *"* lu » # » * * * * * * * ; .* *  ## |n «  density
* ?T  "  '*■  *  ’^ W ’ *  *  « * *  '* »  . T '^ «  10* o rg e m e m s /g , g
: '  *'**• # 0 k  o 'fuif.**** g Nwmt#* i  '■'d‘C»te the number
** "*4* *  ’ **■» *+ # ** '# *  we* «##" "i •wrih eewphmg **t*, T®tsl
* 5 '• a l l  # « am«r-#d * h e ie  b a c te r ia  d id  n o t a t ta in  h ig h  p o p u la t io n  
d e - t i1! #$ m d  a m##n to ta l c o u n t o f 4 1*3 9 * 10* b a c te r ia /g  o f  caeca l 
# n ^ ^ # 'a !  t% # u *  IH &4) a n d  2 8*1 7 m 10* b * c t # r i# / g  (n ^ S )  o f c o lo n ic  
*t» t »-# -um was '' jr d s d  A i  -n d ic a te d  m  F ig . 4d  th e s e  b a c te r .a  
* # '-#  #:#o p r # $ # n t  n Icn# n u m b e r#  in  th e  lu m en  c o n te n t# .
T  VP# E  i  o r  t h e  y u r p o t e  o f th i#  r e p o r t , th e  s p iro c h a e tc -  i>ke b a c -
Ter,$ ng both  p#rTplammi& f ib r i l#  and fla g e lla  have  b##n
g ro u p e d  to g e th e r #* ty p e  E a p iro c h a e te # , a lth o u g h  if w id th  o f th e # e
b a c te r ia  n  a va lid  d iffe re n t ia t io n  c r i te r io n ,  th e n  1 vo ty p e s  w e re  
p ro b a b ly  p re s e n t  m th e  ra t  G IT  ( F ig  3 e and f ) .  T h e s e  b a c te r ia  
w e re  re a d ily  reco g n ized  at (he lig h t m ic ro s c o p e  level b y  v i r t u e  o f  
th e ir  d is t in c t i v e ly  la rg e  v i e .  The m ost p re d o m in a n t  o f  th e  tw o
ty p e s  w e re  0 9S?0 21 um m d ia m e te r ,  a n d  7 5 :2  bum in  le n g t h , w h ile
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th e  o th e r  t y p e  w as 1 .5 t0 ,3 y m  in  d ia m e te r  a n d  8 . 1 :2  3um in  le n g th .  
T h e s e  o rg a n is m s  h a d  2 -4  g r a d u a l t u r n -  w ith  each c o il b e in g  a p ­
p r o x im a te ly  2 . 5ym a p a r t .  T h e  e n d s  w e re  r o u n d  a n d  b lu n t ,  a n d  t u f t s  
o f  f la g e l la - l ik e  a p p e n d a g e s  e x te n d e d  f ro m  each  p o le  In  a d d it io n ,  
t h ic k  p e r ip la s m ic  f ib r i l s  o f  40nm  in  d ia m e te r  w ju n d  a ro u n d  th e  
p ro to p la s m ic  c y l in d e r .  T h e  w id e r  o f th e  tw o  b a c te r ia  seem ed to  
p o s s e s s  14 o f  th e s e  f ib r i l s  w h e re a s  th e  o th e r  h a d  9 such f ib r i l#  
T h e s e  b a c te r ia  f r  'u e n t l y  s ta in e d  u n e v e n ly  w ith  th e  m o d if ie d  G ram  
s ta in .  As in d ic a te d  m  F ig  4e th e s e  b a c te r ia  w e re  f r e q u e n t ly  seen 
in  th e  ile u m  w h e re  a d e n s ity  of 2  4 :2  1 1 0 *  o rg a n is m #  g  of lumen
c o n te n ts  w as a t ta in e d  ( n * 3 )  T h e y  w e re  so c o n s is te n t ly  fo u n d  m 
th e  la rg e  in te s t in e ,  b e in g  p re s e n t  »n a ll th e  '•o n v e n t io n a l r a t s  ex - 
am m od T h e  p o p u la tio n  d en s itie s  m th e s e  sam pling reg io n s  we re  
6 8 *4  5 a 1 0 * /g  caecal lumen c o n te n ts . I 0 *0  9 a 1 0 * /g  ceecal 
e p ith e liu m . 4 1*2 6 a 10* g colon lum en con ten ts  and 8 2 :1  9 a 
1 0 * /g  colonic e p ith e lia l t ssue ( n *51
t  g  * •  S <: h am * t ■ t , 
O* type E he, t ,i
'0 * - 10 o r g e r ,  „
o f  retl ,r . wh.rh II 
n u m b e r o m ,  e , , m .
b u b o n  , n d  p o b u '* lm m  d # n , . ;v  
*>*v H i* o 'g e ^ u m i  y  E2 
N u m b e r , n d . r e le  th e  ^ um ber 
1 m * *c h  le m p im g  ,,te T0t*i
2 . 3 .2  F lu o .a s c e n t a n tib o d y  tra c in g
A lth o u g h  a n t is e ra  w e re  p r e p a r e d  a g a in s t  4 m o rp h o lo g ic a l ly  d is tm c t  
s p iro c h a e te s ,  a ll w e re  n o n -s p e c if ic  in  t h a t  th e y  c ro s s - r e a c te d  w i th  
s p i ro c h a * te s  o f  o th e r  m o rp h o lo g ie s .  T h e  a n t is e ra  h o w e v e r  w e re  
s p e c i f ic ,  in  t h a t  t h e y  d id  n o t re a c t  w i th  o t h e r  e u b a r . te r ia .  
S p iro c h a e te s  c o u ld  n o t  be  d e te c te d  in  t h ic k  s e c t io n s  o f  g u t  t is s u e ,  
s in c e  e x c e s s iv e  a u to f lu o re s c e n c e  o f  b o th  t is s u e  a n d  lu m en  c o n te n ts  
o b s c u re d  s p e c if ic  s ta in in g .  S p iro c h a e te s  w e re  h o w e v e r  seen in  f i lm s  
o f  lu m en  c o n te n ts  a n d  im p re s s io n ;  o f  g u t  e p i th e lia  t is s u e  ( F ig .  5 ) ,  
s ta in e d  w i th  im m une  b u t  n o t  n o rm a l ( c o n t r o l )  s e ra . T h e  d is t r ib u t io n  
o f  s p iro c h a e te s  in  th e  r a t  G IT  as d e te rm in e d  u s in g  f lu o r e s c e n t  
a n t ib o d y  t r a c in g  w as s im i la r  to  th a t  d e te rm in e d  u s in g  G ram  s ta in e d  
p r e p a r a t io n s  a n d  n e g a t iv e  s ta in in g  T E M , a l th o u g h  th e  s p iro c h a e te  
w i th  th e  3 -6 - 3  p e r ip la s m ic  f i b r i l  a r ra n g e m e n t  ( t y p e  C ) ,  w as m o re  
f r e q u e n t ly  seen a s s o c ia te d  w i th  e p i th e lia l t is s u e  th a n  s u g g e s te d  b y  
o t h e r  te c h n iq u e s .  I n t e r e s t in g ly ,  a l l th e  a n t is e ra  re a c te d  w i th  th e  
la rg e  " a t y p ic a l"  s p iro c h a e te s  ( ty p e s  E a n d  F ) ,  f u r t h e r  s u g g e s t in g  
t h a t  th e s e  a re  m e m b e rs  o f  th e  Spirochamtalts. C r o s s - r e a c t iv i t y  
a g a in s t  th e  u n d u la t in g  m e m b ra n e  o f  a p ro to z o a n  s p e c ie s  w as a lso  
n o te d  (F ig .  b e ) .
2 . 3 .3 .  S c an n in g  e le c tro n  m icro scopy
B y  s c a n n in g  e le c tro n  m ic ro s c o p y ,  f o u r  m o rp h o lo g ic a l ly  d is t in c t  s p i ra l 
b a c te r ia  w e re  re c o g n iz e d  as b e in g  associa ted  w ith  th e  m ucosa l 
e p ith e liu m  o f  th e  caecu m  a n d  co lo n  ( F 7 a n d  8 ) w h e re  th e y
w e re  lo o s e ly  a f f i l ia te d  w i th  th e  i A l th o u g h  n o t in  i n ­
t im a te  c o n t a c t 1 w i th  th e  u n d e r ly in g  « s p iro c h a e te  ty p e  w as
P h y s ic a l c o n ta c t  in  w h ic h  th e  a rc h ite c tu re  o f th e  m u co sa l c e lls  is  a l­
t e re d .
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o b s e r v e d  in c lose  p r o x i m i t y  to  t h e  m ic r o v i l l u s  s u r f a c e .  D e s p i te  
d i f f i c u l t i e s  in a c c u r a t e l y  d e f i n i n g  b a c te r ia l t y p e s  w . th  SEM, t h e  d i ­
m e n s io n s  o f  t h e  o r g a n i s m  seen in F ig  G, s u g g e s t  t h a t  i t  is one  o f  
t h e  s m a l l e r ,  " c la s s i c a l "  s p i r o c h a e t e s , w h i l e  t h e  loose, i r r e g u l a r  
c o i l i n g  i n f e r s  th a t  i t  co j l d  be a " t y p e  B "  s p i r o c h a e t e .  W hereas 
s p i r a l  b a c t e r ia  su c h  as t h is  w e r e  r a r e ly  o b s e r v e d  in SEM p r e p a r a ­
t i o n s  , a h e l ic a l o r g a n i s m  w i t h  a d ia m e te r  a n d  m o rp h o lo g y  s im i la r  to  
t y p e  A s p i r o c h a e t e  was f r e q u e n t l y  o b s e r v e d  w i t h i n  th e  m ucous  l a y e r
S .
( F ig s .  7 a n d  8 , sm a ll a r r o w s ) . A l th o u g h  p r e v a le n t  on  th e  la rg e  
in te s t in e  e p ith e liu m ,  th e s e  ty p e  A s p iro c h a e  es w e re  n e v e r  o b s e rv e d  
in  a g g re g a te s  ( rm c ro c o lo n ie s )  b u t  w e re  a lw a y s  seon as in d iv id u a l 
c e l ls  in te r m in g le d  w i th  th e  d iv e r s e  e p im u ra l f lo r a .
T h e  m o<t c o n s p ic u o u s  a n d  m os t n u m e ro u s  o f  th e  s p i r a l  b a c te r ia  o b ­
s e rv e d  or, th e  m u co sa l e p ith e liu m  b y  SEM , w e re  th e  la rg e  s p ira l 
b a c te r ia  p o s s e s s in g  b o th  p e r ip la s m ic  f ib r i l s  a n d  f la g e l la - l ik e  a p ­
p e n d a g e s . T h e s e  p r o t r u d in g  f la g e lla  a re  e v id e n t  in  F ig . 8  (o p e n  
a r r o w ) ,  w h ile  th e  t h ic k  p e r ip la s m ic  f i b r i l s  can b e  seen w in d in g  
a ro u n d  th e  o rg a n is m  in  F ig .  9 ( a r r o w s ) .  T h e s e  b a c te r ia  w e re  n e v e r  
seen  in  m ic ro c o lo n ie s ,  b u t  w e re  f r e q u e n t ly  a s s o c ia te d  w i th  a g g re ­
g a te s  o f  f u s i f o r m  b a c te r ia  ( F ig  1 0 ). A l th o u g h  p r im a r i ly  o c a te d  in  
th e  caecum  a n d  c o lo n , th e s e  o rg a n is m s  w e re  a ls o  o b s e rv e d  on  th e  
ile a l m u co sa . O n ra re  o c c a s io n s  s p i r a l  p ro c a r y o te s  w i th  a d ia m e te r  
s im i la r  to  th e  s m a lle r  o f th e  t y p e  E b a c te r ia  w e r  o b s e rv e d  in  th e  
m u co u s  la y e r  o f  th e  la rg e  c o lo n  ( F ig .  8 ) .
2 . 3 .4 .  L ig h t  and tra n s m is s io n  e le c tro n  m icro scopy
L ig h t  m ic ro s c o p y  re v e a le d  th e  p re s e n c e  ) f  s p i r a l  b a c te r ia  in  th e  
c r y p ts  o f  th e  ile u m , caecu m  a n d  c o lo n  ( F ig .  1 1 ) .  T ra n s m is s io n  
e le c tro n  m ic ro s c o p y ,  s h o w e d  th a t  f o u r  m o rp h o lo g ic a l ly  d is t in c t  s p i r a l 
b a c te r ia  re s id e d  in  t h is  h a b ita t .  A l l  f o u r  m o rp h o ty p e s  w e re  p r e s e n t  
in  th e  caeca ! an d  c o lo n ic  c r y p t s ,  b u t  o n ly  o n e  t / p e  w as c o n s is te n t ly  
o b s e rv e d  in  th e  c r y p ts  o f  th e  ile u m . C r y p t s  w e re  n e v e r  in h a b ite d  
b y  a ll f o u r  b a c te r ia l t y p e s  a n d  u s u a lly ,  o n e  b a c te r ia l s t r a in  p r e ­
d o m in a te d  in  a n y  one  c r y p t ,  w ith  low  n u m b e rs  o f a n o th e r  ty p e  a lso  
b e in g  p r e s e n t .
O f th e s e  f o u r  b a c te r ia ,  o n ly  one  w as a c la s s ic a l"  s p iro c h a e te  ( F ig .  
12, 13 a n d  14) an d  w as s im ila r  in  m o rp h o lo g y  to  th e  t y p e  A
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m ucous la y e r  (M.
11 T o lu id m e  b lu e  s te m m g  o f th ic k  s e c t on o f re t 
) b » c t» n »  I a r ro w s )  w ith  = n c r y p t  B a '- 'K ly m
x r -
s p i o c h a e te . T h e se  m ic ro o rg a n is m s  w e re  0 .4 ym  in  d ia m e te r  a n d  
p o sse sse d  se ve n  p e n p la s m ic  f ib r i l s  o r ig in a t in g  fro m  each p o le . A l ­
th o u g h  th e s e  b a c te r ia  re s id e d  in  th e  lum en o f th e  c r y p ts ,  th e y  w e re  
f r e q u e n t ly  seen w ith in  th e  e p i th e lia l c e l ls ,  an d  e ve n  p e n e tra te d  
t h r o u g h  th e  base m en t m e m b ra n e  in to  th e  la m ina  p r o p r ia  ( F ig .  13 a n d  
1 4 ).  W ith in  th e  e p ith e lia l c e l ls ,  th e  s p iro c h a e te s  w e re  g e n e ra l ly  
a g g re g a te d  in  c lu m p s , b u t  m  o c c a s io n , s in g le  s p iro c h a e te s  w e re  
o b s e rv e d  in  th e  c e lls  ( F ig .  1 3 ) .  T h e  b a c te r ia  d id  n o t a p p e a r  to  
be  e n c lo s e d  in  a m e m b ra n e -b o u n d  v e s ic le  ( F ig .  15) a n d  f u r th e r m o r e  
d id  n o t  a p p e a r  to  u n d e rg o  d e g e n e ra t io n  w h ile  w i th in  th e  c e lls .  
S p iro c h a e te s  w e re  n e v e r  o b s e rv e d  w i th in  th e  c e ll n u c le i,  b u t  w e re  
f r e q u e n t ly  seen in  c lo se  p r o x im it y  to  th e  n u c le a r  m e m b ra n e  (F ig .  
1 3 ) . No d e g e n e ra t iv e  c h a n g e s  o f  th e  c e l lu la r  c y - o p h - m ic  co m p o n e n ts  
was o b s e rv e d .
F ig  15 T r e n t v e r te  se c t io n  o f c lu s te r  o f s p iro c h e e te s  m c lose p ro m m ity  
t v  th e  n u c le a r  m em brane ( N I The le n p la s m ic  f ib r i l s  i P F ) and o u te r  
m em brane (O M ) o f th e  b a c te ria  a re  c le a r ly  v is ib le  N ote  th e  lack  o f
s u r r o u n d in g  v e s ic le  O er C Iwm
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-T h e  secon d  ty p e  o f s p i ra l o rg a n is m  o b s e rv e d ,  was lo c a liz e d  in  th e  
ile a l,  caeca! a ^ d  c o lo n ic  c r y p t s , b u t  d id  n o t p e n e tra te  e p i th e lia l 
c e l ls ,  n o r  w e re  th e y  in t im a te ly  a s s o c ia te d  w ith  th e  c e lls .  T h e se  
b a c te i ia w e re  e a s ily  re c o g n iz e d  in  b o th  t ra n s v e rs e  a n d  lo n g itu d in a l 
s e c t io n s  b y  a c h a r a c te r is t ic  loose m em b ran e  w h ic h  s u r ro u n d e d  th e  
o rg a n is m  (F ig  16) .
T h e  o th e r  tw o  h e lic a l b a c te r ia  o b s e rv e d  in  th e  c r y p ts  o f th e  la rg e  
bow e l w e re  la rg e  b a c te r ia  w ith  a d is t in c t  sc il lo p e d  o u te r  s t r u c t u r e  
( F ig s .  17, 18 an d  19) O ne o f th e s e  o rg a n is m s  ( F ig .  18) was s m a lle r  
in  t ra n s v e rs e  s e c t io n  th a n  th e  e th e r  (F ig  1 9 ), had fe w e r  
"p e n p la s m ic  f i b r i l s '  a n d  was se ldom  seen . O n th e  b a s is  o f t h e i r  
d is t in c t iv e  u l t r a s t r u c t u r e  an d  s ize , t  ie se  w e re  id e n t i f ie d  as ty p e  E 
s p ira l b a c te r ia
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2 . 3 .5 .  S u cce ss io n
S p iro c h a e te s  w e re  c o m p a ra t iv e ly  la te  c o lo n iz e rs  o f  th e  r a t  
g a s t r o in te s t in a l t r a c t ,  b e in g  f i r s t  o b s e rv e d  on  d a y  20. P r io r  to  t h is  
b o th  l ig h t  an d  e le c tro n  m ic ro s c o p y  o f  th e  s a m p le d  h a b ita ts  re vea .'ed  
t h a t  th e  m ic ro f lo ra  c o n s is te d  p re d o m in a n t ly  o f  g ra m -p o s it iv e  ro d s  
a n d  c o c c i,  w ith  m in o r  p o p u la t io n s  o f  y e a s ts  a n d  g ra m -n e g a t iv e  ro d s  
( F ig ,  20 a n d  2 1 ) .  U p  to  d a y  11, th e  f lo r a  o f  th e  e n t ir e  g u t  was 
s im p le , b u t  a f te r  t h is ,  becam e in c re a s in g ly  m ore  c o m p le x . T h is  
d iv e r s i f ic a t io n  o f  th e  f lo r a  was a s s o c ia te d  w ith  th e  a p p e a ra n c e  a n d  
s u b s e q u e n t in c re a s e  in  caeca l s iz e . 7 he  c o lo n iz a tio n  p a t te rn  b y  
s p iro c h a e te s  in  th e  tw o  l i t t e r s  w as a lm o s t id e n t ic a l a n d  th r o u g h o u t  
t h is  s tu d y ,  s p iro c h a e te s  w e re  n e v e r  o b s e rv e d  in  th e  s to m a ch ,
F ig  18 T re n s v e rs e  se c tio n  o f sm a lle r o f th e  tw o  ty p e  E s p iro c h e e te t 
o b s e rv e d  m  th e  c r y o ts  o f th e  la rg e  in te s t in e , 9 th ic k  p e r ip la im ie  f ib r i l s  
w in d  e ro u n d  th e  p ro to p la s m ic  c y l in d e r  B « r= 0  1 urn
.r  '
>ca! e n - th e iia i r day o ld  in fa n t
A lth o u g h  2 ty p ^ s  o f h f  , >! b - ic te n a  w e re  f i r s t  o b s e rv e d  in  th e  la rg e  
bo w e l on n a y  16, n e i th e r  o f th e s e  w e re  m em bers o f th e
Spi rocha<’i xc&ae. N e g a t iv e  s ta in in g  in d ic a te d  th a t  one  o f th e s e  initial 
c o io n iz e rs  had  a p o la r  f la g e llu m  e x te n d in g  fro m  each en d  o f th e  
o rg a n is m  an d  w as th u s  u l t r a s t r u c t u r a l l y  s im ila r  to  m em b ers  o f th e  
Campy lohacter g e n u s . T h e s e  b a c te r ia  in i t ia l ly  c o lo n iz e d  lu m en 
h a b ita ts , b e in g  seen in  th e  c o lo n ic  lu m en  on d a y  16 a n d  in  th e  caeca l 
lu m e n , on d a y  17. E p ith e lia l c o lo n iz a t io n  was f i r s t  o b s e rv e d  on d a y  
20 ( F ig .  22) a n d  b y  th e  fo llo w in g  d a y  th e s e  o rg a n is m s  had  a t ta in e d  
h ig h  p o p u la t io n  d e n s it ie s  on t h e  caeca l e p ith e liu m  ( F ig . 23) .
E le c tro n  m ic ro s c o p y  o f  th is  t is s u e  re v e a le d  th a t  m lo c a liz e d  a re a s , 
m a ss ive  b a c te r ia l p e n e tra t io n  o f th e  e p ith e liu m  had  o c c u r r e d  (F ig .  
2 4 ) ,  a n d  th a t  m o n o t r ic h c u s ly  f la g e lla te d  h e lic a l b a c te r ia  w e re  am ong 
th e  in v a d in g  m ic ro o rg a n is m s  (F ig s .  25 a n d  2 6 ) .  A l th o u g h  th e  
n u m b e rs  o f th e s e  b a c te r ia  s u b s e q u e n t l y  d e c lin e d ,  th e y  w e re  c o n ­
s is te n t ly  seen b o th  on th e  e p i t h e l i u m  and  in  th e  lu m en c o n te n ts  
t h r o u g h o u t  th is  s tu d y .
■ ruin Vt# that
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f i g  25 S p ira l b a c te r ia  w ith in  caeca! e p ith e l ia l  c e ll o f 20 da y  o ld  
v e n tio n a l ra t  Bar  ^ lym
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T h e  b a c te r ia  w ith  th e  c h a r a c te r is t ic  lo ose  o u te r  m e m b ra n e  w e re  seen 
f i r s t  o n  -^ay 16 in  th e  c a e cu m , d a v  '8  in  th e  co lo n  a n d  w i th in  
e p i th e l ia l  c e lls  on  d a y  19 ( F ig s .  27 a n d  2 8 ) .  B y  d a y  26, th e s e  
b a c te r ia  ha d  a lm o s t e x c lu s iv e ly  c o lo n iz e d  th e  c o lo n ic  c r y p ts  ( F ig s .  
29 a n d  3 0 ) .  T h e s e  o rg a n is m s  in i t ia l ly  a s s o c ia te d  w i th  e p i th e lia l c e l ls ,  
a n d  w e re  o n ly  o b s e rv e d  i r  lu m e n  c o n te n ts  a f te r  d a y  24 .
T h e  la rg e ,  s p i r a l ,  b a c te r ia  w i th  b o th  p e r ip la s m ic  f i b r i l s  a ,,d  
f la g e l la - l ik e  a p p e n d a g e s , w e re  th e  e a r l ie s t  o f  th e  s p iro c h a e te  b a c ­
te r ia  to  c o lo n iz e  th e  r a t  g u t ,  b e in g  f i r s t  seen on  d a y s  19 in  th e  la rg e  
in te s t in e  an d  d a y  21 in  th e  ca e cu m . T h e s e  b a c te r ia  w e re  n e v e r  seen 
in v a d in g  e p ith e lia l c e l ls .
T h e  la rg e ,  lo o s e ly - c o i le d ,  m u i t i f i b r i l l a r ,  b o r r e l ia - t y p e  s p iro c h a e te s  
( t y p e  A ) w e re  f i r s t  seen in  b o th  th e  caecum  a n d  co lo n  on  d a y  20 
in  l i t t e r  A a n d  d a y  21 in  l i t t e r  B w h e re  th e y  w e re  o b s e rv e d  o n  th e  
e p i th e liu m  a n d  in  th e  lu m en  c o n te n ts .  T h e  caeca l c r y p t s  o f  th e  
in fa n t  sa c i i f ic e d  on  d a y  26 w e re  p a c k e d  e x c lu s iv e ly  w i th  th e s e  
o rg a n is m s  ( F ig s .  31 a n d  3 2 ) a lth o u g h  a s im i la r  c o lo n iz a t io n  w as n o t 
o b s e rv e d  in  th e  in fa n t  s a c r if ic e d  on  d a y  29 , w h e re  o n ly  m o d e ra te  
n u m b e rs  o f  s p iro c h a e te s  w e re  seen in te r m in g l in g  w i th  » d iv e r s e  
e p im u ra l f lo r a  (F ig .  3 3 ) .  T r a n s v e r s e  s e c t io n s  o f  m a s s iv e ly  c o lo n iz e d  
t is s u e  c o n f irm e d  th e  s p iro c h a e te  n a tu r e  o f  th e s e  b a c te r ia  ( F ig s .  
3 4 -3 8 )  b y  r e v e a l in g  th e  p re s e n c e  o f  7 p e r ip la s m ic  f i b r i l s  (F ig .  3 5 ) .  
D e s p ite  o c c a s io n a l p e n e tr a t io n  in to  g o b le t  c e l ls  ( F ig .  3 6 ) ,  in fa n t  g u t  
t is s u e  w as n o t in v a d e d  b y  th e s e  s p iro c h a e te s . In  h e a v ily  in fe s te d  
c r y p t s ,  e ro s io n  o f  th e  b r u s h  b o r d e r  o c c u r r e d  ( F ig  36 ) b u t  in
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Fig  2 7  lo o se ly  coiled in term e d ia te  su e  sp ira l organism  (a iro w )  
la rge m tes tm e ep ithe lium  o f a 18 day old c o n v e n tio n a l i . ‘
B a r-5 iirr.
iventtonal ra t
F ig 31 Low p o w e r sc u n m n s  e le c tro n  m ic ro g ra p h  o f ta e c a l e p ith e liu m  si 
•  26 day o ld  c o n v e n tio n a l ra t  d e p ic t in g  th e  e x te n t o f c o lo n iz a tio n  b v  th e  
la rg e , loo se ly  co ile d  s p iro c h a e te  fa c h  c r y p t  i t  co lo n ize d  b y  a m «ss o f 
th e se  b a c te r ia  Some d e squ am a tion  o f th e  e p ith e l *■ su H e c e  (a r ro w s )  is 
e v id e n t
f- ig  32 E n la rg e m e n t of 
s p iro c h e e te s  p a cked  ir , t
y p t  o f F ig . 31, s h o w in g  mass o f loose ly  co ile d  
<;h c r y p t  B e r  5pm
loosely coiled sp m x rh e e te s  i a rro w ) w ith  a d iv ers e  
on th'» caeca! e p ith e liu m  of a 30 day old conventions!
F ig  33 L art
ep im ural microf 
"-at Bar-Sym
f ig  34 ? ransmission eiei t n
26 day old conventional rat 
by sp ira l bac teria  R ar'fjum
roscopv of the ca
I rig massive colon,
f i g  35 E n la rg e m e n t 01 F ig  33 s h o w in g  t r a n tv e r s e  s e c tio n s  o< s p ira l 
b a c te r ia  p a rk e d  m to  caeca! c r y p t *  o f 26 da y  o ld  c o n v e n tio n a l m fa n t . 
The p e n p ia s m ic  f ib r i l s  of th e  sp iro c h a e te s  a re  e v id e n t ( a r ro w s ) .
B a r-0  Sum
F ig  36 S p iro c h a e te s  p e n e tr a t . rg  g o b le t ce ll (C ) o f c r y p t  p a c k e d  w ith  
th ese  b a c te r ia  The lack o f m ic o v i lh  is e v id e n t R a r* !u m
3 /  S p iro c h s e te e  in  a le g s -d e m ly  c o lo n iz e d  caecal c r y p t  o f a 26 d a y  
o ld  c o n v e n - io n a l r a t .  S p iro ch a e te a  a re  o r ie n ta te d  p e rp e n d ic u la r  to  t i e  
e p ith e liu m . T h e  m ic ro v il lu s  b o rd e r  (M V ) n  in ta c t  B a r ' I wm.
F ig 38 E n la rg e m e n t o f F ig  37 d e p ic t in g  th e  c lo se  a sso c ia tio n  be tw ee n 
m ic r o v il l i  an d  tp ir o c h a e l t  s P e rip la sm ic  f la g e lla  can be d is c e rn e d  ( a r -  
r-»wsl B a r -0  ?um
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c r y p t s  w i t h  a lo w e r  b a c t e r io l o g i c a l  load  t h e  m ic r o v i l l u s  s u r fa c e  was 
i n t a c t  ( F ig .  3 7 ) .  In  some ( r a r e )  in s ta n c e s ,  in t im a t e  ass o c ia t io n s  
b e tw e e n  s p i r o c h a e t e s  a n d  c e l lu la r  b r u s h  b o r d e r s  a p p e a r e d  t o  e x i s t  
( F i g .  3 8 ) .
B y  SEM a t i g h t l y  co i le d  h e l ic a l o r g a n i s m ,  p r o b a b l y  a s p i ro c h a e t e ,  
was o b s e r v e d  on t h e  caeca ! e p i t h e l i u m  on d a y  20 ( F ig .  39)  a n d  on 
t h e  colo. e p i t h e l i u m  t h e  f o l l o w i n g  d a y .  A l t h o u g h  im p o s s ib le  to  
c h a r a c t e r i z e ,  t h e  t i g h t ,  r e g u l a r  c o i l i n g  s t r o n g l y  s u g g e s ts  t h a t  t h i s  
o r g a n i s m  is a t y p e  C o r  D s p i ro c h a e t e .
S u b s e q u e n t  to d a y  24, SEM r e v e a le d  t h a t  sm all  lo o s e ly - c o i le d  s p i r a l  
b a c t e r ia  w e r e  o f t e n  a s s o c ia te d  w i t h  foc i in t h e  e p i th e l i u m  in w h ic h  
t h e  m i c r o v i l l u s  s u r f a c e  had  been e r o d e d  ( F ig s .  40 a n d  4 1 ) .  TEM 
o f  t h i s  t i s s u e ,  r e v e a le d  p e n e t r a t i o n  o f  e p i t h e l i a l  ce l ls  b y  tw o  
m o r p h o lo g i c a l l y  d i s t i n c t  sp ira l b a c t e r i a ,  s p i r o c h a e t e s  w i t h  2 - 4 - 2  
p e r ip la s m ic  f i b r i l  a r r a n g e m e n t s ,  as w e ll  as t h e  o rg a n i s m s  w i t h  t h e  
loose,  o u t e r  m em b ra n e  ( F ig s .  42, 43 an d  4 4 ) .
ig  39 H e lica l b e c te r n , p ru b e b ly  ip tro c h e e te s  on m ic r o v il l i  |M V )  o( 
.a re a l e p ith e liu m  o f 30 day o ld  c o n v e n t io n * :  ra t  The d iv e r s i t y  of th e  
i,-im ural f lo r a  is e v id e n t Bar r,um
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M t h m  i a I c r v p t t  0< 33 
p e n p U tm u  I i l i n l t  in  e *ch
f ' t ,  M  T r a n s . -e r i#  se c tio n  o f s p iro c h a e te s  w ith in  c«ecei e p ith e lia l ce ll 
o< 33 de v  o ld  c o n v e n tio n a l ra t  tw o  ( la rg e  a r r o w ! and 4 (sm a ll a r ro w e )  
p e r ip l is m x  f ib r i l s  a re  e v id e n t,  in d ic a t in g  th a t th e se  in v a s iv e  b a c te n e  
p ro b a b ly  ha ve  * 2 4 2 p * r ip la im ; t  f i b r i l  a rra n g e m e n t B a r= 0 2um
2 .4 .  D is c u s s io n
In  t h i s  s t u d y  i t  has been show n t h a t  at  le as t  f o u r  m o rp h o lo g i c a l l y  
d i s t i n c t  s p i r a l  b a c t e r ia  w i t h  u l t r a s t r u c t u r e s  i d e n t i c a l  to  t h o s e  d e ­
s c r i b e d  f o r  " c l a s s ic a l "  sp i r o o h a e te s , re s id e  in t h e  c o n v e n t i o n a l  la b -  
o ra to ry  ra t  G IT .  In a d d itio n , b a c te r ia  possessing both perip lasm ic
f i b r i l * ,  an d  f  la ge l l a  - 11 ke  appendages are a lso c o n s i s t e n t l y  f o u n d  in 
t h i s  t a b i t a t .  S p i r o c h a c t e s  a re  lo c a l i z e d  p r i m a r i l y  in t h e  la rg e  
i n te s t i n e  ( caecum  and co lo n )  ( f i g .  4 ) ,  a l t h o u g h  t h e  la rg e  " a t y p i c a l "
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s p iro c h a e te s  m ay a ls o  in h a b i t  th e  ile a i re g io n  o f  th e  sm a ll in te s t in e  
( F ig .  4 e ) . D e s p ite  in h e r e n t  s a m p lin g  e r r o r s  in  th e  te c h n iq u e s  em ­
p lo y e d ,  m o s t o f  th e  b a c te r ia  w e re  o b s e rv e d  in  a ll 15 o f  th e  ra ts  
e x a m in e d , th u s  f u l f i l l i n g  o n e  o f  th e  c r i t e r ia  n e c e s s a ry  f o r  e s ta b ­
l is h in g  a u t o c h t h o n ic i t y . T h o s e  o rg a n is m s  n o t o b s e rv e d  in  a ll a n im a ls  
( t y p e  D s p iro c h a e te s ) ,  m ay h a v e  b ee n  p r e s e n t  a t p o p u la t io n  d e n s i­
t ie s  b e lo w  th e  le v e l o f  d e te c t io n .  Sam ples e x a m in e d  b y  n e g a tiv e  
s ta in in g  - e le c tro n  m ic ro s c o p y  ( th e  m o s t a c c u ra te  a n d  o b je c t iv e  
m e th o d  f o r  d e f in in g  th e  u l t r a s t r u c t u r e  o f  each  o rg a n is m )  w e re  o f  
n e c e s s ity  v e r y  s m a ll, t h e r e b y  a d d in g  to  e x p e r im e n ta l e r r o r ,  w h e re a s  
l i g h t  m ic ro s c o p y ,  w h ic h  e n a b le d  la r g e r  sam p le s  to  b e  e x a m in e d , w e re  
m o re  s u b je c t iv e  a n d  m is c la s s if ic a t io n  o f  o rg a n is m s  p a r t ic u la r l y  ty p e s  
C a n d  D c o u ld  e a s ily  h a v e  a r is e n ,  d e s p ite  a c o n s c io u s  e f f o r t  to  a v o id  
th e s e  e x p e r im e n ta l e r r o r s .
E n u m e ra t io n  o f  d i f f e r e n t  s p iro c h a e te  ty p e s  in  d i f f e r e n t  r a ts ,  r e ­
v e a le d  som e v a r ia t io n ,  w h ic h  c o u ld  be  a fu n c t io n  o f  c o u n t in g  in a c ­
c u ra c ie s  a n d /o r  a f u n c t io n  o f  n a tu r a l v a r ia t io n  w i th in  th e  p o p u la t io n .  
S im ila r  d e v ia t io n s  jn  s o i ra l b a c te r ia l c o p u la t io n s  h a v e  be e n  re p o r te d  
in  d o g s  ( P in d a k ,  et al., 1 9 6 5 ). I n d iv id u a ls  w i th  d i f f e r e n t  so m a tic  
a n t .g e n  c o m p o s it io n s  m ay h a r b o u r  d i f f e r e n t  f lo r a ,  a n d  th is  c o u ld  be  
p a r t ic u la r l y  t r u e  f o r  th o s e  s p i ra l b a c te r ia  w ith  h a b ita ts  in  c lo se  
p r o x im it y  to  e p ith e lia l c e l ls .  F a c to rs  su ch  as d ie t ,  s ta te  o f  h e a lth  
a n d  e ve n  p e rh a p s  th e  s ta g e  in  th e  o e s t r a l c y c le  o f  fe m a le  r a ts ,  c o u ld  
a f fe c t  th e  m ic ro b ia l c o m p o s it io n  o f  th e  g u t .  D ie t has been s h o w n  
to  h a v e  a p r o fo u n d  e f fe c t  on  th e  c o m p o s it io n  o f  th e  r  i t  
g a s t r o in te s t in a l f lo r a ,  a lth o u g h  th e  h e lic a l b a c te r ia l p o p u la t io n  v  as 
n o t  e xa m in e d  (W ill ia m -S m ith ,  1965a . .  In  d o g s ,  th e  n u m b e r  a n d  ty p e s  
o f  s p ira l b a c te r ia  in  th e  G IT  is  s u b je c t  to  d iu r  nal v a r ia t io n s  
( P in d a k ,e r  a / . ,  1965) a n d  th is  c o u ld  be  t r u e  f o r  a ll a n im a ls , in ­
c lu d in g  r a ts .
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In  an a t te m p t  to  a c c u r a te ly  id e n t i f y  th e  p r e c is e  h a b ita ts  o f  each  o f  
t h e  ’‘ c la s s ic a l"  s p iro c h a e te  ty p e s ,  f lu o r e s c e n t  a n t ib o d y  t r a c in g  u s in g  
a n t ib o d ie s  ra is e d  a g a in s t  th e s e  s p iro c h a e te s ,  w as a t te m p te d .  Un~ 
fo .  L u n a te fy , a lth o u g h  th e  a n t is e ra  w e re  s p iro c h a e te -s p e c if tc ,  n o n e
w e re  s t r a in - s p e c i f ic .  ( F ig .  5 ) a n d  h e n ce  th e  e a r l ie r  f in d in g  t h a t  
th e s o  b a c te r ia  w e re  lo c a liz e d  in  th e  d is ta l  re g io n s  o f  th e  g u t  was 
c o n f irm e d ,  b u t  th e  p r e c is e  lo c a tio n  o f  th e  g a s t r o in te s t in a l
s p iro c h a e te s  w as n o t re v e a le d .  M o re  v a l id  in fo rm a tio n  w o u ld  p e rh a p s
b -.v e  bee n  a t ta in e d  h a d  th e  a n t is e ra  bee n  p r e - a d s o r b e d  w ith
h e te ro lo g o u s  s p iro c h a e te  is o la te s .
T h e  g a s t r o in te s t in a l  s p iro c h a e te s  w e re  c o m p a ra t iv e ly  la te  c o lo n iz e rs  
o f  th e  in fa n t  r a t ,  o n ly  b e c o m in g  e s ta b l is h e d  w h e n  th e  o x y g e n  p o ­
te n t ia l  o f th e  g u t  w o u ld  h a v e  been  re d u c e d  b y  th e  p re c e d in g  
c o lo n iz e rs  s u c h  as th e  fa c u l ta t iv e  a n a e ro b e s  a n d  m ic ro a  * r o p h i l ic  
c a m p y lo b a c te rs ,  o b s e rv e d  in  t h is  s tu d y  to  b e  e a r ly  c o lo n iz e rs .  A l ­
t h o u g h  th e  c o lo n iz a t io n  p a t te r n  o f  g u t  b a c te r ia  in  in fa n t  ra ts  has 
p r e v io u s ly  been  e x a m in e d , no m e n tio n  o f  s p ira l b a c te r ia  w as m ade , 
s in c e  th e  a u th o r s  b a se d  t h e i r  s tu d y  e n t i r e ly  on c u l t iv a b le  b a c te r ia  
a n d  d id  n o t e m p lo y  s e le c t iv e  te c h n iq u e s  e s s e n tia l f o r  th e  g r o w th  o f  
th e s e  b a c te r ia  (R a ib a u d ,  mt al>, 1966a; 1966b; W il l ia m s -S m ith ,
1 9 6 5 a ). A n  in v e s t ig a t io n  in to  th e  c o lo n iz a t io n  s e q u e n c e  o f  m ouse 
in te s t in a l  f lo r a  re v e a le d  t h a t  s p i ra l b a c te r ia  w e re  am ong th e  f i r s t  
to  c o lo n iz e  th e  m u c o u s , b la n k e t  w h e re  th e y  a t ta in e d  p o p u la t io n  
d e n s it ie s  o f  1 0 '- 1 0 *  b a c te n a /g  o f  w h o le  bo w e l w i th in  1 w e e k  o f  b i r t h  
( D a v is  an d  S a v a g e , 1972; (S a v a g e , 1970; 1 9 7 2 ). T h e s e  p r im a r y  
c o lo n iz e rs ,  ha d  a s in g le  f la g e llu m  e x te n d in g  fro m  each  te rm in a l e n d  
a n d  w e re  th u s  m o rp h o lo g ic a l ly  s im ila r  to  th e  f i r s t  o f  th e  h e lic a l 
b a c te r ia  seen c o lo n iz in g  th e  r a t  G IT  (D a v is  et al. , 1 9 7 3 ).
A l th o u g h  th e  s a m p lin g  s ize  o f  th e  p o p u la t io n  in  t h is  s u c c e s s io n  s tu d y  




p o p u la t io n  d e n s it ie s  a t ta in e d  on  th e  e p i th e l ia l s u r fa c e  b y  b o th  th e  
ca m p y  lob a c t e r - l ik e  o rg a n is m s  a n d  th e  t y p e  A  s p iro c h a e te s  p r io r  to  
t h e i r  d e c lin e  to  c lim a x  a d u lt  le v e ls  w as in te r e s t in g  (F ig s  23 a n d  
3 1 ) .  l i  is  te m p t in g  to  s p e c u la te  t h a t  ose h o m e o s ta t ic  fa c to r s  w h ic h  
re g u la te  th e  p o p u la t io n  s iz e  in  a d u lt  a n im a ls  w e re  re s p o n s ib le  f o r  
t h is  d e c lin e  in  th e  p o p u la t io n  n u m b e rs .  T h e  a d u lt  ra t  g u t  f lo r a  has 
bee n  s h o w n  to  h a v e  a r e g u la t in g  e f fe c t  on b a c te r ia l c o lo n iz a t io n  in  
th e  n e o n a ta l " a t  g u t  (L a w re n c e  e t  al., 1 9 8 2 ). S in c e  th e  aim  o f  th e  
c o lo n iz a t io n  s tu d y  w as to  d e te rm in e  w h e th e i s p iro c h a e te  
s u b -p o p u la t io n s  c o lo n iz e d  th e  in fa n t  g u t  d u r in o  n o rm a l c o lo n iz a t io n  
e v e n ts ;  a n d  th is  w as s h o w n  to  o c c u r  a t  s im i la r  tim e s  in  tw o  s e p a ra te  
l i t t e r s ;  th e  n e o n a ta l p o p u la t io n  s iz e  w as n o t  in c re a s e d .  N e v e r th e ­
le s s , i t  w o u ld  b e  p a r t ic u la r l y  in te r e s t in g  to  e s ta o i is h  w h e th e r  c r y o ta l  
C v ,v ,,.iza tio n  b y  t y p e  A  s p iro c h a e te s  on d a y  26 , is  a g e n e ra l 
c o lo n iz a t io n  p h e n o m e n o n , o r  w as m e re ly  a lo c a liz e d  in c id e n t ;  in  w h ic h  
case  th e  p r e d is p o s in g  fa c to r s  e n a b lin g  s u c h  a c o lo n iz a t io n  to  o c c u ” 
c o u ld  be  in v e s t ig a te d .  T h e  a n im a l c o n c e rn e d ,  d id  n o t  d is p la y  a n y  
o b v io u s  g a s t r o in te s t in a l  d is o r d e r ,  i t  is  a lso  in te r e s t in g  t h a t  in  t h is  
26 v c ,  -o ld  in d iv id u a l ,  th e  c o lo n ic  c r y p t s  w e re  p a c k e d  w ith  h e l ic i l  
b a c te r ia  w i th  th e  c h a r a c te r is t ic  o u te r  m e m b ra n e  ( F ig .  2 9 ) ,  w h e re a s  
th e  caeca ! c r y p ts  wene c o lo n iz e d  e x c lu s iv e ly  b y  th e  m u l t i f i b r i l l a r  
s p iro c h a e te s  ( F ig .  3 5 ) .  In  c o n t r a s t  to  th e  f in d in g s  b y  Lee , (1 9 8 0 ) , 
t h is  d is t in c t  lo c a liz a t io n  b y  h e lic a l b a c te r ia l s u b -p o p u la t io n s  w as n o t 
o b s e rv e d  in  a d u lt  a n im a ls .
A s  is  th e  case w i th  o th e r  a m m a lr ,  m a jo "  p e r tu rb a t io n s  in  th e  g u t  
p o p u la t io n  o c c u r r e d  a t w e a n in g .  In fa n  ra ts  b e g in  to  co n su m e  s o lid  
fo o d  on  d a y  16 w h e n  th e y  a lso  b e g in  to  n ib b le  fa e c a l p e l le ts ,  th u s  
s e e d in g  th e  g u t  w i th  a d u lt  f lo r a  ( L a n e -F e t te r ,  1 9 7 6 ). T h is  c o in c id e s  
a lm o s t e x a c t ly  w ith  b a c te r ia l d iv e r s i f ic a t io n  o f  th e  g u t  p o p u la t io n ,  
th e  in c re a s e  in  caeca) s iz e  a n d  th e  com m e ncem en t o f  a m ass p e n e ­
t r a t io n  in to  th e  e p ith e lia l t is s u e  b y  th e  g u t  f lo r a  ,;ce  b e g in  to
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c o n su m e  s o lid  fo o d  o n  d a y  13 ( L a n e - P e t te r ,  197G) a n d  f ro m  d a y  10 
-  d a y  18 p r o fo u n d  r e a r ra n g e m e n t  o f  th e  g u t  b a c te r ia l p o p u la t io n  
o c c u rs  (S a v a g e  et al., 1 9 6 7 ). B y  th e  t im e  w e a n in g  o f  th e  in fa n t  
r a ts  w as c o m p le te  (d a y  3 0 ) ,  a l l f iv e  ty p e s  o f  s p iro c h a e te s  had  
re a c h e d  a d u lt  c lim a x  le v e ls .  P r io r  to  w e a n in g ,  TE M  o f  e p i th e lia l 
t is s u e  re v e a le d  t h a t  th e  g u t  w as l in e d  b y  a d e n se  g r a n u la r  m a te r ia l 
w i th  a t e x tu r e  d i f f e r e n t  to  t h a t  o f  m u c u s , ( F ig .  2 1 ) .  T h is  w as 
in te r p r e te d  as b e in g  m ilk  p r o t e in ,  w h ic h ,  b y  c o a t in g  th e  e p i th e lia l 
c e l ls  c o u ld  p o s s ib ly  a c t  as an in h ib i t o r  to  p e n e tr a t io n  o f  th e  
e p ith e liu m  b y  p o te n t ia 1 p a th o g e n s  a t  a t im e  w h e n  th e  in fa n t  w o u ld  
b e  u n a b le  to  e l ic i t  an im m une  re s p o n s e  to  l im it  th e  e f fe c ts  o f  th e  
c h a lle n g e .  T h is  p ro te in a c e o ^ a  la y e r  c o u ld  a c t  as a p h y s ic a l b a r r ie r  
b y  in h ib i t in g  b in d in g  o f  p o te n t ia l p a th o g e n s  to  e p i th e lia l c a l ls ,  h a ve  
an  a n t ib a c te r ia l a c t iv i t y  b y  la c to f e r r in  a c t io n  a n d  c o u ld  a lso  a c t  as 
an  im m u n o lo g ic a l p r o t e c t in g  a g e n t in  t h a t  i t  w o u ld  c o n ta in  m a te rn a l 
s e c r e to ry  Ig A .
M a s s iv e  p e n e tr a t io n  o f  g u t  e p i th e lia  b y  m e m b e rs  o f  th e  n o rm a l g u t  
m ic ro b io ta  is  b e lie v e d  to  ca u se  n e o n a ta l n e c r o t iz in g  e n te r o c o l i t is  
(N E C ) w h ic h  is  a f r e q u e n t ly  f a ta l d ise a se  a f fe c t in g  p re te rm  hum an  
in fa n ts  in  th e  f i r s t  10 d a y s  o f  l i fe  ( S ta r k  a n d  Lee , 1 9 8 2 a ). W e a n lin g  
d ia r r h o e a  w h ic h  is  p r e v a le n t  in  b r e a s t - f e d  hum an in fa n ts  is  a lso  
b e lie v e d  to  be  c a u s e d  b y  m a s s iv e  p e r tu r b a t io n  w i th in  th e  g u t  
e c o s y s te m  a t w e a n in g  ( S t a r k  a n d L e e , 1 9 8 2 b ), a n d  m ay in v o lv e  a 
p e n e tr a t io n  o f  th e  m u co sa l e p ith e liu m  s im ila r  to  th a t  o b s e rv e d  in  t h is  
TE M  s tu d y  o f w e a n lin g  r a t  g u t  t is s u e  (F ig .  2 4 ) .  O n ce  in  th e  la m ina  
p r o p r ia ,  th e  v i r g in  b u t  c o m p e te n t im m une s y s te m  o f th e  in fa n t  w o u ld  
e l ic i t  a p r im a r y  im m une  re a c t io n  a g a in s t  th e  in v a d in g  b a c te r ia  an d  
e b y  l im it  th e  in fe c t io n .  P e rh a p s  th e  f a t a l i t y  a s s o c ia te d  .n th  NEC 
is  d u e  to  th e  in c o m p e te n t  im m une  s y s te m  o f  th e  p re m a tu re  n e o n a te  
w h ic h  i: u n a b le  to  re s p o n d  to  th e  b a c te r ia l c h a lle n g e . A lth o u g h  
h e lic a l b a c te r ia  w e re  am ong t iu  m ic ro o rg a n is m s  tn a ' p e n e tra te d  th e
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g u t  e p ith e liu m ,  th e r e  w as no  e v id e n c e  t h a t  th e y  w e re  th e  p r im a r y  
in v a d e r s .  S u ch  in fo rm a t io n  c o u ld  p o s s ib ly  b e  a t ta in e d  b y  a c r i t ic a l  
t im e -s e q u e n c e  s tu d y .
T h e  la c k  o f  c o n s is te n t  s p iro c h a e te  c o lo n iz a t io n  o f  th e  s to m a ch  a n d  
sm a ll in te s t in e ,  to g e th e r  w i th  th e  s p o ra d ic  a p p e a ra n c e  o f  lo w  n u m ­
b e rs  o f  d i f f e r e n t  t y p e s  o f  s p i ra l o rg a n is m s  in  th e s e  a re a s  o f  th e  
a d u lt ,  s t r o n g ly  s u g g e s ts  t h a t  s p iro c h a e te s  a re  n o t a u to c h th o n o u .
..L
to  th e s e  a re a s ,  b u t  a re  m e re ly  t r a n s ie n ts  a r is in g  fro m  c o p r o p h a g y  T
o r  e v e n  p e rh a p s  t ra n s lo c a t io n  o f  o ra l s p iro c h a e te s .  R e p o r ts  c o n -
c e r n in g  th e  c o lo n iz a t io n  o f  th e  s to m a ch  e p ith e liu m  b y  s p i r a l  b a c te r ia
p o s s e s s in g  b o th  p e r ip la s m ic  f i b r i l s  a n d  f la g e l la - l ik  s r ^ e n d a g e s  h a v e
b ee n  m ade f o r  a v a r ie t y  o f  a n im a ls  (D o e n g e s , L o c k a rd  a n d
B o le r ,  1970; R in d a k  e t  aJ., 1965; W e b e r a n d  S c h im itd ie l ,  1962) a n d
in  e ach  ca se , th e  b a c te r ia  w e re  a s s o c ia te d  w i th  th e  fu n d ic  p o r t io n
o f  th e  s to m a c h . I t  is  u n fo r tu n a te  th a t  t h is  re g io n  o f  th e  g a s t r ic
m ucosa  w as n o t  p ro c e s s e d  f o r  e le c tro n  m ic ro s c o p y ,  b u t  a t  th e  t im e ,
i t  w as t h o u g h t  t h a t  th e  h y d r o c h lo r ic  a c id  s e c re te d  b y  t h e  fu n d ic
g la n d s  w o u ld  n o t p e r m it  th e  c o lo n iz a t io n  o f  s p iro c h a e te s  in  t h is
h a b ita t .  S p ira l b a c te r ia  c a p a b le  o f  c o lo n iz in g  th is  h a b ita t ,  w o u ld
c e r ta in ly  w a r r a n t  f u r t h e r  s tu d y .
S ig h t in g s  o f  s p iro c h a e te s  in  th e  d is ta l sm a ll in te s t in e ,  c o u ld  h a v e  
a r is e n  b y  t ra n s lo c a t io n  o f  th e s e  b a c te r ia  f ro m  th e  caecum  to  th e  ile u m  
v ia  th e  ile o -c a e c a i ju n c t io n  a n d  th is  is  p r o b a b ly  t r u e  f o r  th o s e  
s p iro c h a e te s  th a t  w e re  o n ly  o c c a s io n a lly  se e n . N e v e r th e le s s ,  s p ira l 
o rg a n is m s  w ith  a c h a r a c te r is t ic  lo ose  o u te r  m e m b ra n e  w e re  c o n s is t ­
e n t ly  seen in h a b i t in g  th e  c r y p ts  o f t h is  a re a . T h e  fa s t  f lo w  ra te  
o f  lu m en  c o n te n ts  in  th e  sm a ll in te s t in e ,  n e c e s s ita te s  th e  need f o r  
b a c te r ia  r e s id in g  in  t h is  a re a  to  h a v e  a fa s t  g r o w th  ra te ,  to  be  f i r m ly  
a tta c h e d  to  th e  e p ith e liu m ,  o r  to  be  lo c a liz e d  w i th in  th e  c r y p ts  o f  
L ie b e r k u h n .  T h e  c r y p ta l  lo c a tio n  o f th e s e  b a c te r ia  w o u ’u e x p la in
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w h y  th e y  w e re  n o t  o b s e rv e d  b y  SEM. T h e s e  b a c te r ia  a re  s im i la r  
in  b o th  s iz e  (3 -8 u m  x 0 .6 p m ) a n d  m o rp h o lo g y  to  th o s e  p r e v io u s ly  
d e s c r ib e d  b y  W e n d e ls c h a fe r  et al., (1 9 7 3 ) a n d  a re  p r o b a b ly  e q u iv ­
a le n t  to  th e  ty p e  3 o rg a n is m s  d e s c r ib e d  b y  D a v is  e t  a l . (1 9 7 2 b )
w h o  saw  th e m  in  th e  r a t  caecum  as d id  G u s ta fs s o n  a n d  M a u n s b a c h  
( 1 9 7 1 ) .  In  c o n t r a s t  to  th e  r e p o r ts  b y  W e n d e ls c h a fe r  et al. (1 9 7 3 ) 
a n d  P h il l ip s  et al. ( 1 9 7 8 ) ,  th e s e  b a c te r ia  w e ; e n e v e r  o b s e rv e d  in  
in t im a te  c o n ta c t  w i th  e i th e r  e p i th e lia l c e l ls  o r  g o b le t  c e lls  n o r  w e re  
th e y  seen  w i th in  e p i th e lia l c e l ls ,  a lth o u g h  th e y  d id  in v a d e  th e  la m in a  
p r o p r ia  o f  th e  in fa n t  r a t .  R e p o r ts  b y  Lee (1 9 8 0 ) , t h a t  th e s e  b a c ­
te r ia  a re  r e s t r ic t e d  to  c o lo n ic  c r y p ts  w e re  n o t c o n f irm e d  in  t h is  
s tu d y ,  s in c e  th e y  w e re  «s!<to fo u n d  in  caeca l a n d  ile a l c r y p t s .  In  
y o u n g ,  w e a n lin g  ra ts  h o w e v e r ,  c o lo n ic  c r y p ts  w e re  a lm o s t e x c lu ­
s iv e ly  c o lo n iz e d  b y  la rg e  n u m b e rs  o f  th e s e  d is t in c t i v e  s p i r a l  
o rg a n is m s  ( F ig .  3 0 ) .
A ls o  seen o c c a s io n a lly  on  th e  ile a l e p ith e liu m  a n d  m ore  f r e q u e n t ly  
on  th e  la rg e  in te s t in e  e p ith e liu m ,  w e re  th e  la rg e  s p i ra l o rg a n s im s  
t h a t  h a d  b o th  t h ic k  p e n p la s m ic  f ib r i l s  a n d  f la g e l la - i ik e  a p p e n d a g e s . 
H ig h  p o p u la t io n  d e n s it ie s ,  b o th  on th e  e p ith e liu m ,  w h e re  th e y  w e re  
e m b e d d e d  in  th e  m u co u s  la y e r  (F ig s .  8 , 9 a n d  10) a n d  in  th e  lu m en  
c o n te n ts  w e re  a t ta in e d .  In  c r o s s -s e c t io n ,  th e s e  b a c te r ia  h a d  d i s ­
t in c t iv e  s h e l l - l i k e  s t r u c t u r e s  ( F ig s .  18 a n d  1 9 ) ,  n o t u n l ik e  t h a t  
d e s c r ib e d  f o r  m e m b e rs  o f  th e  Pillotina g e n u s  w h ic h  in h a b its  th e  
h in d g u t  o f te rm ite s  a n d  c o c k ro a c h e s  ( M a rg u l is  et al. , 1981; T o  et 
al., 1 9 7 8 ). T h e  la rg e  s iz e  a n d  G ra n u la t io n s  ( p le a ts )  in  th e  o u te r  
m e m b ra n e  a re  a lso  c h a r a c te r is t ic  f o r  t h is  g e n u s  (M a r g u l is  et al., 
1 9 8 1 ). I t  is  p o s s ib le  th a t  tw o  sp e c ie s  o f  th e s e  b a c te r ia  w e re  r e ­
p re s e n te d  in  th e  r a t  g u t ,  s in c e  th e  p o p u la t io n  w as h e te ro g e n e o u s  
in  s iz e  a n d  n u m b e r  o f  p e n p la s m ic  f ib r i l s ,  w i th  th e  s m a lle r  o rg a n is m s  
( I .O y m  in  d ia m e te r )  h a v in g  9 f ib r i l s  a n d  th e  la r g e r  ( 1 . Sum in  d ia m ­
e te r )  h a v in g  15 f ib r i l s  ( F ig s .  18 an d  1 9 ) . S im ila r  p ro c a ry o te s  h a v e
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(1 9 7 8 ) ,  P h il l ip s  a n d  Lee (1 983 ) a n d  W e n d e ls c h a fe r  jt al. (1 9 7 3 ) , 
w h o  a l! saw  th e s e  b a c te r ia  in  r a t  ile a l c r y p t s ,  w h j r e  t h e y  f r e q u e n t ly  
a t ta in e d  h ig h  p o p u la t io n  d e n s it ie s .  No e v id e n c e  w as seen o f  c r y p ts  
p a c k e d  w i th  la rg e  n u m b e rs  o f  th e  a fo re m e n tio n e d  b a c te r ia ,  n o r  t h e i r  
d ig e s t io n  b y  p a n e th  c e lls  (E r la n d s e n  a n d  C h a se , 1 9 7 2 ). w e re  n o t 
o b s e rv e d  in  t h is  s tu d y .  Id e n t ic a l o rg a n is m s  w e re  a lso  d e s c r ib e d  
b y  D a v is  e f  al. (1 9 7 2 b ) ,  w h o  saw th e m  in  th e  caeca o f  6 o u t  o f  th e  
15 r a ts  e x a m in e d , w h e re a s  in  t h is  s t u d y ,  th e s e  p i l lo t in a - l i k e  b a c te r ia  
w e re  p r e s e n t  in  th e  la rg e  bo w e l o f  a ll r a ts .  In  c o n t r a s t  to  D a v is  
e t  a l . (1 9 7 2 b ) ,  b u t  l ik e  P h il l ip s  a n d  Lee (1 9 8 3 ) ,  th e s e  b a c te r ia  w e re  
n e v e r  o b s e rv e d  w i th in  e p ith e lia l c e lls  o r  la m ina  p r o p r ia .
TEM  o f  a d u lt  G IT  t is s u e  re v e a le d  t h a t  s p iro c h a e te s  w i th  n u m e ro u s  
p e r ip la s m ic  f ib r i l s  f r e q u e n t ly  p e n e tra te d  in to  e p ith e lia l c e l ls  a n d  
e v e n  in to  th e  la m in a  p r o p r ia  ( F ig .  1 3 ) .  S im ila r  b a c te r ia  w e re  a lso  
seen  c o lo n iz in g  th e  in fa n t  g u t  e p i th e liu m ,  a n d  in  o n e  in fa n t  a t ta in e d  
s u c h  h ig h  p o p u la t io n  d e n s it ie s ,  t h a t  e v e r y  caeca ! c r y p t  w as p a c k e d  
e x c lu s iv e ly  b y  th e s e  b a c te r ia  ( F ig s . 31 a n d  3 4 ) .  A l th o u g h  t h e i r  
n u m b e rs  s u b s e q u e n t ly  d e c lin e d  to  c. 1 0 *o rg a n is m s /g  o f  e p i th e lia l 
t is s u e ,  t h e y  re m a in e d  th e  m o s t d o m in a n t  o f  th e  " c la s s ic a l"  
s p iro c h a e te s  in  th e  r - ' t  G IT  an d  w e re  fo u n d  in  th e  lu m en c o n te n ts ,  
in  th e  m u co u s  b la n k e t  a n d  in  c lo se  a s s o c ia t io n  w i th  th e  e p ith e lia l 
c e l ls .  S im ila r  b a c te r ia  h a v *  been d e s c r ib e d  b y  P h il l ip s  et al. (1 9 7 8 ) 
as w e ll as b y  D a v is  et al. (1 9 7 2 b ) w h o  d e s c r ib e d  th e m  as p e n e ­
t r a t in g  in to  g o b le t  c e l ls ,  a p h e n o m e n o n  o n ly  seen in  th e  in fa n t  g u t  
e p ith e liu m  in  th is  s tu d y .
T h e  in v a s io n  o f  a d u lt  e p i th e lia l c e ils  b y  th e  a fo re m e n tio n e d  
m u l t i f ib r i l la r  t re p o n e m e s  seem ed to  be  a s p o n ta n e o u s , y e t  ra n d o m  
p ro c e s s .  Some c e lls  w e re  h e a v ily  in fe c te d  w h ile  a d ja c e n t c e lls  w e re  
c o m p le te ly  f re e  o f  m ic ro o rg a n is m s . T h is  m ay be  a fu n c t io n  o f  th e
c e l l ,  w i th  age  o r  some o th e r  f a c to r  e n a b lin g  th e  b a c te r ia  to  in v a d e .  
M a s s iv e  e p ith e lia l dam age a n d  p e n e tr a t io n  s u c h  as th a t  o b s e rv e d  in  
t h e  in fa n t  r a t  g u t ,  w as n e v e r  o b s e rv e d  in  th e  a d u lt ,  a lth o u g h  th e s e  
tre p o n e m e s  w e re  am ong th e  in v a s iv e  b a c te r ia  o f  th e  in fa n t  r a t .  A s  
e a r ly  as 1916, g a s t r o in te s t in a l s p iro c h a e te s  w e re  d e s c r ib e d  as h a v in g  
t h e  a b i l i t y  to  p e n e tr a te  in to  e p ith e lia l c e lls  (M a c f ie , 1 9 1 6 ), b u t  th e  
m e ch a n ism  b y  w h ic h  th e y  d o  t h is ,  is  s t i l l  o b s c u re .  I t  is  g e n e ra lly  
a s s u m .'d  t h a t  s p iro c h a e te s  e n te r  c e lls  b y  e n g u lfm e n t,  b u t  i f  t h is  w e re  
th e  ca se , th e y  w o u ld  be  e n c lo s e d  w i th in  a m e m b ra n e -b o u n d  v e s ic le ,  
w h ic h  w as n e v e r  a p p a re n t  in  t h is  s tu d y .  I t  has a lso  bee n  p ro p o s e d  
t h a t  s p iro c h a e te s  c o u ld  h a v e  th e  a b i l i t y  to  "s w im "  th r o u g h  a n im a l 
c e ll m e m b ra n e s  (G re e n b e rg  a n d  C a n a le -P a ro la ,  197 7 ). S p iro c h a e te s ,  
w i th in  c e lls  w e re  g e n e ra lly  a s s o c ia te d  in  c lu m p s  ( F ig .  1 3 ) ,  a n d  (H o c k  
e r  al. (1 9 7 4 ) , a t t r ib u te d  t h is  p h e n o m e n o n  to  in t r a c e l lu la r
s p iro c h a e te  d iv is io n .  A l te r n a t i v e ly ,  s e v e ra l b e c te r ia  m ay s im u l­
ta n e o u s ly  p e n e tra te  t:  e c e ll a t  a p a r t ic u la r  s ite  in  th e  c e ll m e m b ra n e .
T h e  in fe s ta t io n  o f  e p i th e lia l c e lls  b y  s p iro c h a e te s  is  s im i la r  t o  t h a t  
r e p o r te d  f o r  s w in e  d y s e n te r y  ( C lo c k  a n d  H a r r is ,  1972; C lo c k  et 
a l ., 1974; T a y lo r  a n d  B la k e m o re , 1971) a n d  e ve n  s a lm o n e lla  in v a s io n  
o f  c e lls  (P a s ie l a n d  T u r n b u l l ,  1 9 8 5 ), a lth o u g h  in  th e s e  ca s e s , d e ­
g e n e ra t iv e  ch a n g e s  in  th e  in fe c te d  c e l ls  o c c u r  an d  an in f la m m a to ry  
re s p o n s e  is  e v o k e d .  P e rh a p s  in  th e  p a s t ,  m em b ers  o f  th e  r a t  p o p ­
u la t io n  w e re  a f fh e te d  b y  a d is e a s e  s im i la r  to  s w in e  d y s e n te r y ,  b u t  
w i th  th e  p a ssa g e  o f  t im e , m e ch a n ism s l im it in g  p a th o g e n ic i ty  h a v e  
bee r, e v o lv e d .  In  t h is  c o n te x t ,  i t  is in te r e s t in g  th a t  SPF W is ta r  ra ts  
as o p p o s e d  to  c o n v e n tio n a l W is ta r  ra ts  d id  n o t h a r b o u r  a n y  o f  th e  
s p i r a l b a c te r ia  d e s c r ib e d  in  t h is  s tu d y .  T h e  s ig n if ic a n c e  o f  t h is  
f in d in g  is  u n k n o w n .  In  m ice , th e  g u t  m ic r o fo r a  in  c o n v e n tio n a l 
a n im a ls  is  s im i la r  in  a ll b a s ic  re s p e c ts  to  th a t  o f  SPF a n im a ls  (D u b o s  
e t  al., 1965| an d  th is  in c lu d e s  th e  s p i r a l p ro c a ry o te  p o p u la t io n  
w h ic h  is  p r e s e n t  in  SPF m ice  (D a v is  a n d  S a v a g e . 1972a).
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T h e  r a t  m u l t i f i b r i l l a r  s p iro c h d e te s  n o t o n ly  p e n e tra te d  in to  e p ith e lia l 
c e l ls ,  b u t  a ls o  a p p e a re d  to  t r a v e r s e  th e  b a se m e n t m e m b ra n e  d i r e c t ly  
( F ig .  1 4 ).  T h is  s u g g e s ts  th a t  th e  s p iro c h a e te s  m ay b e  c a p a b le  o f  
d i r e c t  e n z y m a tic  b re a k d o w n  o f  th e  b a se m e n t m e m b ra n e  c o lla g e n  m a­
t r i x ,  p e rh a p s  b y  h y a lu r o n id a s e  a c t iv i t y  w h ic h  is  p r e s e n t  in  7 . 
paJlidum b u t  n o t  in  T. denticola o r  T. vincen^ii ( F i t z g e r a ld  a n d  
G a n n o n , 1 9 8 3 ). D e s p ite  th e  p re s e n c e  o f  s p iro c h a e te s  in  th e  la m in a  
p r o p r ia ,  no o b v io u s  in f la m m a to ry  re s p o n s e  was in i t ia t e d  b y  th e  h o s t .  
T h is  c o u ld  b e  re la te d  to  th e  f in d in g  t h a t  e x t r a c ts  f ro m  a n u m b e r  
o f  s p iro c h a e te  s p e c ie s  can  s u p p re s s  ly m p h o c y te  p r o l i fe r a t io n  
( S h e n k e r  et si., 1 9 8 4 }. In vivo T. pallidum m ay e sca p e  h o s t r e ­
c o g n it io n  b y  a d s o rb in g  h o s t p r o te in s  o n to  i ts  o u te r  m e m b ra n e  (C o x  
e t  al., 1 9 8 4 ): a p lo y  t h a t  c o u ld  be u t i l iz e d  b y  th e  g a s t r o in te s t in a l
s p iro c h a e te s . I t  has a ls o  b ee n  p ro p o s e d  t h a t  th e  o u te r  m e m b ra n e  
m ay s h ie ld  th e  m a jo r it y  o f  tre p o n e m a l p r o te in s  fro m  s u r fa c e  e x p o s u re  
a n d  th e r e b y  p r o te c t  th e  p a th o g e n  f ro m  h o s t r e c o g n it io n  (P e n n  et 
al., 1 9 8 5 ). A l t e r n a t i v e ly , h o s t  u n re s p o n s iv e n e s s  to  th e s e  b a c te r ia  
m ay b e  d u e  to  c o - e v o lu t io n  o f  th e  h o s t an d  th e  b a c te r iu m ,  w h ic h  is  
a r e q u ire m e n t  f o r  a u t o c h t h o n ic i t y .
T h e  o th e r  s p i r o c h ie t e  s u b p o p u la t io n s  d e s c r ib e d  in  t h is  s tu d y  h a v e  
n o t  p r e v io u s ly  bee n  r e p o r te d  as in h a b i t in g  th e  r a t  G IT ,  p r o b a b ly  
b e ca u se  p re v io u s  s tu d ie s  h a v e  c o n c e n tra te d  on  th e  e p im u ra l a n d  
p a r t ic u la r l y  th e  c r y p ta l  m ic r o f lo r a .  T h e  low  p o p u la t io n  d e n s it ie s  
a t ta in e d  b y  th e  s p iro c h a e te  w i th  th e  1 -2 -1  p e r ip la s m ic  f la g e lla  a r ­
ra n g e m e n t, m ay e x p la in  w h y  o th e r  w o rk e r s  h a v e  n o t  re p o r te d  th e  
p re s e n c e  o f  t h is  o rg a n is m  on  th e  e p ith e lia l s u r fa c e .  S p iro c h a a te s  
w ith  th e  p e r ip la s m ic  f i b r i l  a r ra n g e m e n ts  o f  2 -4 -2  a n d  3 - 6 - 3  s e le c ­
t iv e ly  c o lo n iz e d  th e  lu m e n  c o n te n ts  o f th«? la rg e  b o w e l ( F ig s .  4b  an d  
4 c )  T h is  is  in  d i r e c t  c o n t r a s t  to  n u m e ro u s  r e p o r ts  w h e re  
s p iro c h a e te s  a re  c o n s id e re d  as o n ly  b e in g  a s s o c ia te d  w ith  th e  
m ucosa ! la y e r  (D a v is ,  1976; K n e h a n s  a n d  0  D e l, 1980; Leach et
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al . ,  1973; S a va g e  e t  al., 1 9 7 1 ). D e s p ite  b e in g  a s s o c ia te d  w i th  th e  
e p ith e liu m  a n d  e v e n  re s id in g  in  th e  c r y p t s ,  th e  la rg e  m u l t i f ib r i l ia r  
s p iro c h a e te s  as w e ll as th e  p iH o t in a - l ik e  o rg a n is m s  a lso  a t ta in e d  h ig h  
p o p u la t io n  d e n s it ie s  in  th e  lum en c o n te n ts  ( F ig s .  4a a n d  4 e ) .  T h is  
is  in  c o n f l ic t  to  th e  f in d in g s  o f  P h il l ip s  e t  a J . (1 9 7 8 ) , w h o  r a r e ly  
saw  th e s e  tm p o n e m e s  in  th e  lu m e n . In  c o n t r a s t  to  th e  f in d in g s  o f  
Lee (1 9 8 0 ) , w h o  d e s c r ib e d  d i ' ^ r e n t  s p i r a l b a c te r ia l p o p u la t io n s  
c o lo n iz in g  h ig h ly  s p e c if ic  a re a s  w i th in  th e  a d u lt  r a t  g u t ,  no 
p e r c e p t ib le  d i f f e r e n c e  in  th e  ty p e s  o f  s p i ra l o rg a n is m s  in h a b i t in g  
th e  caecum  a n d  th e  p ro x im a l c o lo n ic  e p ith e liu m  c o u ld  be d is c e rn e d  
in  th is  * + u d y . H o w e v e r ,  th e  re d u c t io n  in  b o th  n u m b e rs  a n d  f r e ­
q u e n c y  o f  s p ira l b a c te r ia  seen in  th e  d is ta l co lo n  ( F ig .  4 )  does 
s u g g e s t  th a t  t h is  a re a  o f  th e  G IT  is  n o t th e  n a tu r a l h a b ita t  o f  th e s e  
b a c te r ia ,  b u t  t h a t  th e y  a re  m e re ly  t r a n s ie n ts  in  t h is  lo c a l i ty .  E n ­
v iro n m e n ta l c o n d it io n s  in  th e  d is ta l a n d  p ro x im a l a re a s  o f  th e  co lo n  
a re  so d i f f e r e n t  th a t  i t  is  u n l ik e ly  th a t  s im i la r  a u to c h th o .  )u s  p o p u ­
la t io n s  w o u ld  be  p r e s e n t  in  b o th  a re a s .
T o ta l c o u n ts  o f  th e  m o re  d o m in a n t s p iro c h a e te  ty p e s  in  th e  a d u lt  
re v e a le d  th a t  a p o p u la t io n  d e n s ity  o f  10s o rg a n is m s /g  o f  lum en 
c o n te n ts  o r  e p i th e lia l t is s u e  c o u ld  b e  a t ta in e d .  A lth o u g h  th e s e
c o u n ts  a re  s u b je c t  to  in h e r e n t  e r r o r s ,  th e y  do  in d ic a te  t h a t  th e  
s p iro c h a e te  p o p u la t io n  c o u ld  h a ve  a s ig n if ic a n t  e f fe c t  on th e  G IT  
e c o s y s te m . S a va g e  et a l . (1 9 7 1 ), e s t im a te d  t h a t  th e  p o p u la t io n  
le v e ls  o f s p ira l b a c te r ia  on  th e  m ouse c o lo n ic  e p ith e liu m  can  re a ch  
10* o r g a n is m s /g  b u t  th is  was n o t lim ite d  to  s p iro c h a e te
s u b -p o p u la t io n s .  In  s w in e ,  sm all s p iro c h a e te s  o f s im il i:- d im e n s io n s  
to  th o s e  in  th e  r a t  G IT  a n d  h a v in g  1 o r  2 p e r ip la s m ic  f ib r i l s ,  a t ta in  
d e n s it ie s  o f 103- 1 0 V g  o f  c o lo n ic  c o n te n ts  ( H a r r is  a n d  K in y o n ,  197 4 ), 
a n d  th u s  a re  s im i la r  to  th e  p o p u la t io n  d e n s it ie s  re p o r te d  in  t h is  
s t u d y .
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In  c o n c lu s io n ,  f o u r  m o rp h o lo g ic a lly  d is t in c t  s p iro c h a e te s  w ith  " c la s ­
s ic a l"  u l t r a s t r u c t u r e  a n d  p o s s ib ly  tw o  ty p e s  o f  " a t y p ic a l"  
s p iro c h a e te s  p o s s e s s in g  b o th  p e r ip la s m ic  f ib r i l s  a n d  f la g e l la - l ik e  
a p p e n d a g e s , w e re  re c o g n iz e d  as in h a b i t in g  th e  la rg e  b o w e l o f  th e  
c o n v e n t io n a l r a t .  T h e s e  b a c te r ia  a l l c o lo n iz e d  th e  in fa n t  r a t  in  a 
s e q u e n tia l p a t te r n  a n d  w e re  c o n s is te n t ly  seen in  th e  a d u lt  a n im a l. 
F rom  p u b lis h e d  r e p o r ts ,  a t  le a s t som e o f  th e s e  b a c te r ia  a re  p r e s e n t  
in  ra ts  o f  d i f f e r e n t  c o lo n ie s  on  a g lo b a l s c a le , b e in g  fo u n d  in  th e  
U n ite d  S ta te s ,  A u s t r a l ia  a n d  now  S o u th  A f r ic a .  T h e s e  fa c to r s ,  
s t r o n g ly  im p ly  t h a t  s p iro c h a e te s  a re  c o n s t itu e n ts  o f  th e  r a t  
g a s t r o in te s t in a l  a u to c h th o n o u s  m ic ro f lo r a .
C H A P T E R  3
IS O L A T IO N  A N D  C H A R A C T E R IZ A T IO N  O F R A T  
G A S T R O IN T E S T IN A L  S P IR O C H A E T E S
3 .1  IN T R O D U C T IO N
R e fra c t iv e n e s s  to  in  vitro c u l tu r e ,  is  a com m on fe a tu re  o f  
g a s t r o in te s t in a l  s p iro c h a e te s ,  a n d , w i th  th e  e x c e p t io n  o f  sv  in e  
e n te r ic  tre p o n e m e s , s p iro c h a e te s  f ro m  th e  m o n o g a s tr ic  g u t  la v e  
r a r e ly  bee n  is o la te d  a n d  b io c h e m ic a lly  c h a r a c te r iz e d . I n i t ia l  su cce ss  
in  th e  c u l t iv a t io n  o f  th e s e  b a c te r ia  a ro s e  f ro m  c o n c e r te d  e f fo r t s  to  
g ro w  th e  c a u s a t iv e  a g e n t o f  s w in e  d y s e n te r y .  T h r e e  s p e c ie s  o f  
Treponema h a v e  bee n  is o la te d  f ro m  th e  s w in e  ca e cu m , b ' l t  o n ly  one  
o f  th e s e ;  T. hyodysenterias is  p a th o g e n ic  ( H a r r is  e t  si., 1972a; 
1 9 7 2 b ). T. innocans, is  m o rp h o lo g ic a l ly  a n d  s e r o lo g ic a l ly  in d is t in ­
g u is h a b le  fro m  ?. hyodysenteriae ( K i '- y o n  a n d  H a r r is ,  1 9 7 9 ), a n d  
w as o r ig in a l ly  th o u g h t  to  be  a n o n -p a th o g e n ic  v a r ia n t  o f  th e  s w in e  
d y s e n te r y  a g e n t;  b u t  low  D N A  h o m o lo g ie s  (M ia o  et a / . ,  1 9 7 8 b ), 
u n r e la te d  h a e m o ly s in s  (S a h e b  et el., 19 8 1 a ), d i f f e r e n t  f a t t y  a c id  
p r o f i le s  (M a tth e w s  a n d  K in y o n ,  1984) a n d  o th e r  c r i t e r i a ,  h a v e  
p ro v e d  th a t  t h is  s p iro c h a e te  is  a s e p a ra te  s p e c ie s . S t r a in s  o f 7 . 
innocens h a v e  a lso  bee n  is o la te d  f ro m  d o g  caeca ( " p u p p y  s t r a m " )  
( K in y o n  e t  al, , 1977) as w e ll as f ro m  fe ra l ro d e n ts  (J o e n s  and  
K in y o n ,  1 9 8 2 ). T h e  o th e r  n o n -p a th o g e n ic  s w in e  s p iro c h a e te  sp e c ie s  
is  T. succ in U s e  iens w h ic h  in  e a r l ie r  l i t e r a t u r e  w as te rm e d  th e  
"s m a ll s p iro c h a e te "  a n d  s t r a in  6091 (C w y k  an d  C a n a le -P a ro la ,  197 9 ).
A t te m p ts  to  c u l t iv a te  th e  b a c te r ia  a s s o c ia te d  w i th  th e  c o n d it io n  
k n o w n  as in te s t in a l s p iro c h a e to s is  w e re  a ls o , f o r  m any  y e a rs ,  u n ­
s u c c e s s fu l .  E v e n tu a lly ,  e m p lo y in g  a h ig h  h y d ro g e n  gas  p h a s e , 
H o v in d -H o u g e n  et a l . (1 9 8 2 ) , s u c c e e d e d  in  g ro w in g  th e s e
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o rg a n is m s ,  a n d ,  on  th e  b a s is  o f  a !.< < o f  c y to p la s r . .  c m ic r o tu b u le s ,  
c la s s if ie d  th e m  as b e lo n g in g  to  n new  s p iro c h a e v  g e n u s ;  Brachyspira 
( g e n .  n o v . ) .  T re p o n e m e s  h a v e  a ls o  b ee n  is o la i j  f ro m  th e  caeca 
o f  o p o ssu m s  in fe c te d  w i th  in te s t in a l  s p iro c h a e to s is  ( T u r e k  a n d  
M e y e r ,  1 9 7 9 ). N e ith e r  o f  th e s e  is o la te s ,  h a v e  been  f u l l y  c h a ra c ­
te r iz e d .
S p ir a l b a c te r ia  fro m  th e  r o d e n t  g u t  h a v e  bee n  c u l t iv a te d ,  b u t  m o s t 
o f  th e s e  h a v e  u l t r a s t r u c t u r e s  c o n s is te n t  w ith  th e  Campylobacter 
g e n u s  (L e e  a n d  P h il l ip s ,  1978; R oach a n d  T a n n o c k ,  1979; S a va g e  
ct al., 1 9 7 2 ). Lee a n d  P h i l l ip s ,  (1 9 7 8 ) ,  d id  h o w e v e r  is o la te  a 
" c la s s ic a l s p iro c h a e te "  fro m  th e  m ouse ca e cu m , b u t  fa i le d  to  c h a r ­
a c te r iz e  th e  o rg a n is m . T h e s e  a u th o rs  w e re  u n s u c c e s s fu l in  c u l t i ­
v a t in g  s p iro c h a e te s  f ro m  th e  r a t  ca e cu m . M ore  '• e c e n t ly ,  th e  same 
a u th o r s  is o la te d  la rg e  s p iro c h a e te s  p o s s e s s in g  b o th  p e r ip ia s m ic  
f i b r i l s  a n d  f Ja g e lla - l ik e  a p p e n d a g e s  f ro m  th e  r a t  sm a ll in te s t in e  
( P h i l l ip s  a n d  Lee , 1 9 8 3 ). T h e s e  b a c te r ia  a re  n o t " c la s s ic a l 
s p iro c h a e te s "  b u t  s h a re  an u l t r a s t r u c t u r e  m o re  s im ila r  to  t h a t  o f  
m e m b e rs  o f  th e  Pillotina g e n u s .  S p ir a l sh a p e d  b a c te r ia  f ro m  th e  
r a t  la rg e  in te s t in e ,  h a v e  n e v e r  bee n  c u l t iv a te d  ( P h i l l ip s  a n d  Lee ,
198 4 ).
P ro p o s a ls  th a t  s p iro c h a e te s  can b e  c la s s if ie d  p u r e ly  on  
u l t r a s t r u c t u r a l  c r i t e r ia  a t th e  e le c tro n  m ic ro s c o p e  le v e l 
( H o v in d - H o u g e n ,  197P *'  a re  g e n e ra lly  c o n s id e re d  to  be in a d e q u a te ,  
a n d  c o n s e q u e n t ly ,  s p iro c h a e te s  fro m  d i f f e r e n t  a n im a l h o s ts  can  o n ly  
be  c o m p a re d  o n c e  th e y  h a v e  been  s u b je c te d  to  e x h a u s t iv e  b io c h e m ic a l 
a n d  ch e m ica l c h a r a c te r iz a t io n .  T h e  f in d in g  th a t  ro d e n ts ,  c a n , u n d e r  
la b o r a to ry  c o n d it io n s ,  t ra n s m it  7 . hyodysenteriae f ro m  o n e  s w in e  
h e rd  to  a n o th e r  (J o e n s , 1 9 8 0 ), e m p h a s ize s  th e  need  f o r  a s tu d y  on  
th e  n a tu r a l s p iro c h a e te  p o p u la t io n  in  th e s e  a n d  s im ila r  a n im a ls . I t  
w as f o r  t h is  re a so n  t h a t  s p iro c h a e te s  f ro m  ra t  G IT  w e re  is o la te d .
c h a r a c te r iz e d  a n d  ta x o n o m ic a lly  c o m p a re d  w i th  T. hyodysenteriae 
r* ,d  T. ;nnocens. F u r th e r m o r e ,  s p e c u la t io n  on th e  n ic h e  o c c u p a tio n  
o f  an o rg a n is m  in  i t s  n a tu r a l h a b ita t  can  o n ly  b e  m ade a f te r  th e  
b io c h e m ic a l p o te n t ia l has been d e te rm in e d  in  p u r e  c u l tu r e .  T o  th is  
e n d ,  is o la te s  f ro m  th e  r a t  G IT  w e re  s u b je c te d  to  b io c h e m ic a l a n a ly s is  
a n d  s p e c u la t io n s  o . h e i r  fu n c t io n  in  th e  g a s to in te s t in a l e co s y s te m  
w e re  m ade.
3 .2  M A T E R IA L S  A N t  HODS
3 .2 .1  In  v i t r o  c u l tu r e  
P r im a r y  Is o la t io n
In o c u la  w e re  o b ta in e d  fro m  25 c o n v e n tio n a l W is ta r  r u is  (Rattus 
norvegicvs), m a n y  o f  w h ic h  we e a lso  u s e d  f o r  d e te rm in in g  th e  p o ­
s it io n  o f  s p iro c h a e te s  in  th e  ra t  G IT .  M a te r ia l f o r  c u l t u r in g  p u r ­
pose s w as ta k e n  p r io r  to  f ix a t io n .  Sam ples w e re  ta k e n  fro m  th e  
s to m a c h , d u o d e n u m , ile u m , c a e ^ jm  a n d  p ro x im a l la rg e  co lo n  fro m  
th e  f i r s t  f o u r  a n im a ls , w h ile  V v caecum  a n d  co lo n  w e ra  sa m p le d  
f ro m  th e  o th e r  r a ts .  A n im a ls  w e re  s a c r if ic e d  b y  d is lo c a t io n  o f  th e  
n e c k  a n d  w e re  im m e d ia te ly  t r a n s fe r r e d  in to ,  a n d  d is s e c te d  in ,  a 
Form a a n a e ro b ic  c h a m b e r  (F o rm a  S c ie n t i f ic ,  Id a h o ,  U S A ) w i th  a gas 
p h a se  o f 83% n i t r o g e n ,  12% c a rb o n  d io x id e  a n d  5% h y d r o g e n ,  o p e r ­
a t in g  a t  a re d o x  p o te n t ia l o t less th a n  -1 80m V as show n  b y  in d ic a to r  
d y e s ,  in  each ca se , a 1 in  d d i lu t io n  o f  lu m e n  c o n te n ts  w as m ade, 
u s in g  s t e r i le  a n a e ro b ic  d i lu t in g  f lu id  (A D F )  (A p p e n d ix  D ( 2 ) ) as th e  
d i lu e n t .  E p ith e lia l t is s u e  4 cm 2 ) w as w a sh e d  l i g h t ly  in  d i lu t in g
f lu i d  a n d  e i th e r  h o m o g e n ize d  in  a s te r i le  G r i f f i t h 's  tu b e  w ith  c Im t  
o f  A D F , o r  th e  m ucosa l s u r fa c e  s c ra p e d  w i th  a s te r i le  b la d e , th e  
s c ra p in g s  p ic k e d  up  w i th  a p a s te u r  p ip e t te  a n d  p la c e d  in to  1m£ o f
d i lu t in g  f lu i d .  S am p les  f o r  c u l t u r in g  w e re  a lso  ta k e n  f ro m  5 SPF 
r a ts  a n d  in fa n ts  u se d  in  th e  s u c c e s s io n  s tu d y .
C u l t u r e  m edia
m ed ia  w e re  p re p a r e d  a n a e ro b ic a lly  ( A p p e n d ix  D ( 1 ) )  a n d  w e re  
d u c e d  in  th e  a n a e ro b ic  c a b in e t  f o r  a t le a s t  j  h o u rs  p r io r  to  
o n .  M od 'ie d  R G C A  a n d  E m ed ia  (H o ld e m a n  et. al., 1974) 
f A r 1 p x D (4 )  a n d  D ( 5 ) )  w e re  r o u t in e ly  u se d  f o r  th e  is o la t io n  o f
th e  , i  IT  s p iro c h a e te s .  T h e s e  m ed ia  w e re  m o d if ie d ,  in  t h a t  10% 
c i t r a te d  in e  o r  hum an  b lo o d  w as u se d  in s te a d  o( haem in  an d  i n ­
a c t iv a te ':  im , a n d  a f te r  in i t ia l  t e s ts ,  v ita m in  K  an d  c o c a rb o x y la s e
w e re  om .tx- F u r th e r m o r e ,  0,1%  th io g ly c o l la te  w as u se d  as a r e ­
d u c in g  a g e n t s s te a d  o f  c y s te in e -H C I ,  a n d  f o r  p r im a iy  is o la t io n ,  3% 
a g a r  was u '.ec i. T h e  m e d iu m  e m p lo ye d  b y  T u r e k  a n d  M e y e r  (1 977 )
as wt U .33  i'h a t u se d  b y  S m ib e r t  a n d  C la te rb a u g h  (1 972 ) (A p p e n d ix
D ( 6 :  H 'd  0 ( 7 ) )  w e re  a ls o  u se d  on  th r e e  o c c a s io n s , b u t  w e re  n o t
ro !, t in e l>  u se d  ii .c a  a w id e  v a r ie t y  o f  m o rp h o lo g ic a l ly  d is t in c t
sp i:*o ch  setes w e re  , o t  c u l t iv a te d ,  an d  s p iro c h a e ta l g r o w th  w as le ss  
p r o l i f i c  th a n  on  t  ie  o th e r  m e d ia . R G C A  m e d iu m  c o n ta in in g  0.3%  
p o ly g a la c tu r o n ic  ( A l l te c h )  in s te a d  o f  c e l lo b io s e ,  g lu c o s e  a n d
s ta rc h  w s a ls o  r $ - d  on tw o  o c c a s io n s  b u t  d id  n o t s u p p o r t  
s p iro c h a e te  g io w th  A l l  c u l tu r e s  w e re  in c u b a te d  a n a e ro b ic a lly  in
th e  gas c a b in e t  a t ' , ' U Z f o r  7 d a y s .  In  a d d it io n ,  on  tw o  o c c a s io n s  
b o th  E a n d  R G C A n '(:,a  w e re  in c u b a te d  u n d e r  m ic ro a e ro p h i lic  c o n ­
d i t io n s ,  a c h ie v e d  b y  u s in g  a g a s -p a k  s y s te m  ( 3 B L )  w i th o u t  
p a lla d iu m  c a ta ly s t .
S e le c t iv e  is o la t io n  t e c h f ' ; u e s
S p iro c h a e te s  w e re  s e le c t iv e ly  is o la te d  f ro m  o th e r  in te s t in a l b a c te r i,  
b y  u t i l iz in g  th e  m o t i l i ty  p r o p e r t ie s  o f th e s e  p r o k a r y o te s .  T h e  " f i l ­
It e r ”  m e th o d , s e le c ts  f o r  sm a ll s p iro c h a e te s ,  w h ic h  can m ig ra te  
th r o u g h  m e m b ra n r f i l t e r s  w h o s e  p o re  s iz e  is  to o  sm a ll f o r  m ost o th e r  
b a c te r ia  (S m ib e r t ,  1 9 8 1 ). The " w e ll "  m e th o d , s e le c ts  f o r  b a c te r ia  
c a p a b le  o f  m ig r a t in g  th r o u g h  a g a r  c o n c e n tr a t io n s  o f  m o re  th a n  3% 
S p iro c h a e te s  a re  t h o u g h t  to  m ig ra te  th r o u g h  th e  a g a r  in  s e a rc h  o f  
l im it in g  g r o w th  fa c to r s  in  th e  m e d iu m , to  w h ic h  th e y  a re  
c h e m o ta c t ic a l ly  a t t r a c te d  ‘.C a n a le -P a ro la ,  1 9 7 8 ). In  a d d it io n ,  in ­
t r i n s ic  re s is ta n c e  b t re p o n e m e s  to  c e r ta in  a n t ib io t ic s  w as u s e d  to  
e n r ic h  f o r  s p iro c h a e t^  - u s u a lly  in  c o m b in a tio n  w i th  o th e r  s e le c t iv e  
te c h n iq u e s .  T h e  . . i t ib io t ic s ,  n a la d ix ic  a c id ,  r i fa m p ic in ,  an d  
p o ly m y x in  B a re  a ll reco m m e n d e d  b y  H o ld e t.ia n  et al. (1 9 7 4 ) , w h ile  
t h e  a n t ib io t ic  s p e c lm o m y c in  is  u se d  to  s e le c t iv e ly  is o la te  f o r  T. 
innocens a n d  7 . hyodysenteriae f ro m  s w in e  caeca l c o n te n ts  (S o n g e r  
et al., 1 9 7 6 ). O f th e s e  a n t ib io t ic s ,  r i fa m p ic in  a n d  p o ly m y x in  B 
w e re  e x te n s iv e ly  u se d  f o r  is o la t in g  r a t  g a s t r o in te s t in a l  s p iro c h a e te s . 
T h e  m e chan ism  b y  w h ic h  s p iro c h a e te s  e x h ib i t  re s is ta n c e  to  th e s e  
a n t ib io t ic s  is  n o t  k n o w n , a lth o u g h  i t  has b ee n  p ro p o s e d  t h a t  
r i fa m p ic in  re s is ta n c e  is  d u e  to  low  a f f i n i t y  o f  s p iro c h a e te  R N A 
p o ly m e ra s e  f o r  th e  a n t ib io t ic  ( L e s c h in e  a n d  C a n a le  P a ro la , 1 9 8 0 ). 
R e s is ta n c e  to  p o ly m y x in  B c o u ld  be d u e  to  th e  la c k  o f  LPS in 
t re p o n e m e s , w h ic h  is  th e  t a r g e t  o f  t h is  a n t ib io t ic  fP e n n  et al. ,
1 9 8 5 ).
F i l t e r  m e th o d
S te r i le  f i l t e r s  - 'M i ll ip o re )  o f  0 .2 2  o r  0 .4 5  urn p o re  s iz e  (25m m  d ia m ­
e te r )  w e re  p la c e d  d i r e c t ly  o n to  th e  s u r fa c e  o f  is o la t io n  m ed iu m  
p la te s .  A r in g  o f  s te r i le  v a s e lin e  was p ip e d  a ro u n d  th e  e d g e  o f  th e  
f i l t e r ,  a n d  j n  o - r in g  fro m  th e  f i l t e r  u n i t  w as p la c e d  d i r e c t ly  o n to  
th e  va se l n *  r in g .  A d r o p  o f  in o c u lu m  (0 .0 5  m l)  w as p la c e d  o n to  
th e  f i l t e r .
V
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W ell m e th o d
A w e ll w h ic h  h a d  been c u t  in to  th e  c e n te r  o f  a g a r  p la te s  u s in g  a 
g la s s  tu b e  o f  a p p ro x im a te ly  5mm in  d ia m e te r ,  was f i l le d  w ith  
in o c u lu m . P la te s  w e re  in c u b a te d  in  an u p r ig h t  p o s i t io n .
A n t ib io t ic s
T h e  a n t ib io t ic s  p o ly m y x in  B (W e llc o m e ); r i fa m p ic in  (C ib a  G e ig y ) ;  
n a la d ix ic  a c id  ( B o e h r in g e r )  a n d  s p e c tm o m y c m  (U p jo h n )  w e re  in ­
c o rp o ra te d  in to  th e  is o la t io n  m e d iu m . T h e  c o n c e n tra t io n s  a t w h ic h  
th e s e  a n t ib io t ic s  w e re  e m p lo y e d , a n d  th e  s o lv e n t  in w h ic h  th e y  w e re  
d is s o lv e d ,  a re  in d ic a te d  in  T a b ie  3 .
o f an tib io tic s  
ra t  GIT
SOOun.t* -
A n t ib io t ic  s o lu t io n s  w e re  f i l t e r  s te r i l iz e d  an d  a d d e d  a s e p t ic a l ly  to  
s te r i le  c u l tu r e  m e d ia . T h e  a n t ib io t ic s  w e re  u sed  e i th e r  in d iv id u a l ly ,  
o r  in  c o m b in a t io n ,  a n d  w ith  b o th  th e  w e ll a n d  f i l t e r  is o la t io n  m e th ­
o d s . P o ly m y x in  B and  r i fa m p ic in ,  w e re  p a r t ic u la r l y  u s e fu l in  in -  
h 'b i t in g  th e  g ro w th  o f c o n ta m in a t in g  b a c te r ia  w ith o u t  a f fe c t in g  th e  
« p iro c h a e tc  g r o w th .  O f th e  is o la t io n  te c h n iq u e s ,  th e  w e ll m e th o d , 
u se d  in  c o n ju n c t io n  w d h  p o ly m y x in  B an- o r  r i fa m p ic in  w as th e  m ost 
s u c c e s s fu l f o r  is o la b r y  ra t  g a s t r o in te s t  ia l s p iro c h a e te s .
8 9
-P u r i f ic a t io n  o f  p r im a r y  c u l tu r e s
S p iro c h a e te  g r o w th  c o u ld  be  v is u a liz e d  as a f in e  haze  s p re a d in g  o v e r  
t h e  c u l tu r e  m e d iu m , u s u a llv  e x te n d in g  2 -3  cm fro m  th e  w e ll o r  f i l t e r .  
I n i t i a l l y ,  a i! s p iro c h a e te  g r o w th  w as s u b c u ltu re d  o n to  p r e re d u c e d  
m e d ia  o f  s im i la r  c o m p o s it io n  to  t h a t  u se d  f o r  is o la t io n ,  b u t  o n c e  i t  
h a d  been  a s c e r ta in e d  t h a t  t h e y  c o u ld  g re w  on m o d if ie d  R G C A  m ed iu m  
a n d /o r  B a c to  t r y p t o s e  b lo o d  a g a r  b a se  (T S B A )  ( D i fc o )  c o n ta in in g  
5% c i t r a te d  b o v in e  o r  hum an b lo o d ,  th e y  w e re  r o u t in e ly  s u b c u ltu re d  
o n to  one o f  th e s e  m e d ia , n o t  u s u a lly  c o n ta in in g  a n y  a n t ib io t ic s .  
F o r  s u b c u ltu r in g  s p iro c h a e te s ,  a sm all a g a r  b io c k  o f  c. 1cm 1 was 
c u t  f ro m  an a rea  d is p la y in g  s p iro c h a e te  g r o w th  a n d  p la c e d  in  an 
in v e r t e d  p o s it io n  d i r e c t ly  o n to  th e  new  c u l tu r e  m e d iu m . 
S p iro c h a e te s  w o u ld  th e n  m ig ra te  a w a y  fro m  th e  a g a r  b lo c k s .  B y  
c o n t in u o u s ly  s e le c t in g  f o r  s p iro c h a e te  g r o w th ,  p u r e  c u l tu r e s  o f  
s p iro c h a e te s  c o u ld  b e  o b ta in e d  a f te r  3 -4  w e e ks  P u r i t y  o f  c u l tu r e s  
w e re  a sse sse d  u s in g  th e  m o d if ie d  G ram  s ta in  (A p p e n d ix  A ( 1) )  a n d  
b y  e x a m in a tio n  a t  th e  e le c tro n  m ic ro s c o p e  le v e l " s in g  n e g a tiv e  
s ta in in g  te c h n iq u e s  ( A p p e n d ix  B ( 7 ) ) .
In  an a t te m p t  to  o b ta in  a x e n ic  s p iro c h a e te  c u l tu r e s ,  c o n ta m in a te d  
p r im a r y  c u l tu r e s  w e re  s t re a k e d  f o r  is o la te d  c o lo n ie s  o n to  a g a r  p la te s  
c o n ta in in g  3% a g a r .  In  a d d it io n ,  r o l l  tu b e s  c o n ta in in g  m o d if ie d  
R G C A  m ed iu m  (A p p e n d ix  D ( 4 ) )  s u p p le m e n te d  w i t i  5% fo e ta l c a lf  
s e ru m  (F C S ) in s te a d  o f  b lo o d  w e re  a lso  p re p a re d  a n d  in o c u la te d  w ith  
c o n ta m in a te d  c u l tu r e s  s c ra p e d  o f f  a t.an  p la te s  a n d  s u s p e n d e d  in  
s a l in e .  M a n ip u la t io n s  w e re  a ll d o n e  in  th e  a n a e ro b ic  c a b in e t ,  w h ile  
r o l l  tu b e s  w e re  p r e p a r e d  on  an A s te l l r o l l - t u b e  a p p a ra tu s  ( A s te l l ,  
L o n d o n , U K ) u s in g  th e  H u n g a te  a n a e ro b ic  te c h n iq u e  (H o ld e m a n  et 
si., 197 4 ). C u ltu re s  w e re  in c u b a te d  a t 3 7 °C  f o r  a w e e k  a n d  c o lo n ie s  
w e re  p ic k e d  o f f  u n d e r  a d is s e c t in g  m ic ro s c o p e  a n d  s ta in e d  u s in g  th e  




S p iro c h a e te s  w e re  h a rv e s te d  f ro m  R G C A m a in te n a n c e  m ed iu m  b y  
f lo o d in g  th e  p la te s  w i th  s te r i le  A D F  (A p p e n d ix  D ( 2 ) )  a n d  s c r a p in g  
g r o w th  o f f  w i th  a s te r i le  g la s s  s p r e a d e r .  T h e  s p iro c h a e te  s u s p e n ­
s io n  w as c e n t ifu g e d  a t  2 500g f o r  15 m in  in  g a s - t ig h t  g la s s  c e n t r i f u g e  
tu b e s  a n d  th e  p e l le t  re s u s p e n d e d  in  m in im u m  a m o u n t o f  d i lu t in g  
f lu i d .  S p iro c h a e te s  w e re  a d d e d  to  0 .1 m l a l iq u o ts  o f  e i th e r  
h e a t - in a c t iv a te d  h o rs e  s e ru m  c o n ta in in g  7.5% ( w / v )  g lu c o s e ,  o r  
s k im - m ilk  s o lu t io n  w i th  U.3% s o d iu m  a s c o rb a te  as r e d u c in g  a g e n t,  
b o th  o f  w h ic h  h a d  been  p r e r e d u c e d  in  th e  c a b in e t  f o r  24 h o u rs .  
A l l  m a n ip u la t io n s  w e re  d o n e  in  th e  a n a e ro b ic  c a b in e t .  V ia ls  w e re  
s e a le d , t r a n s fe r r e d  to  th e  f r e e z e - d r y e r  ( V i r T is  C o . L td .  N ew  Y o r k ,  
U S A ) a n d  o rg a n is m s  b r ie f ly  e x p o s e d  to  cir w h ile  b u n g s  w e re  re m o ve d  
so t h a t  th e  v ia ls  c o u ld  b e  p la c e d  in  th e  f r e e z e - d r y e r .  C u ltu re s  w e re  
ly o p h il iz e d  o v e r n ig h t ,  a n d  v ia b i l i t y  c h e c k e d  th d  fo l lo w in g  d a y  a n d  
th e n  a t m o n th ly  in te r v a ls  f o r  3 m o n th s .  F o r  r e c o n s t i t u t io n ,  c u l tu r e s  
w e re  r rs u s p e n d e d  in  m 'n im u n . a m o u n t o f  A D F  a n d  in o c u la te d  o n to  
R G C A  m a in te n a n c e  m e d iu m  p la te s .
F re e z in g  a t  -7 0 ° C .
C u ltu re s  w e re  ! a rv e s te d  as d e s c r ib e d  a b o v e , a n d  re s u s p e n d e d  in  
l iq u id  m e r iu m  (A p p e n d ix  D ( 8 ) }  c o n ta in in g  20% g ly c e ro l as a 
c r y o p r o te c ta n t .  T u b e s  w e re  se a le d  w i th  g a s - t ig h t  s to p p e rs  a n d  
p la c e d  im m e d ia te ly  in to  a -7 0 °C  d e e p - f re e z e .  V ia b i l i t y  w as c h e c k e d  
7 d a y s  la te r  an d  th e n  a t m o n th ly  in te r v a ls  f o r  3 m o n th s  b y  in o c u ­
la t in g  o n to  R G C A m a in te n a n c e  m ed iu m  p la te s .
Agar slants
M a in te n a n c e  m ed iu m  a g a r  s la n ts  w e re  p r e p a r e d ,  c u l tu r e s  in o c u la te d  
o n to  th e  s la n ts ,  g ro w n  a t  3 7 °C  f o r  4 -5  d a y s ,  a n d  m a in ta in e d  a t 
n ° C .  C u ltu re s  w e re  s u b c u ltu r e d  e v e r y  2 m o n th s .
L iq u id  c u ltu re s
S p iro c h a e te  c u l tu r e s  a re  o f te n  r e f r a c t iv e  to  g ro w th  in  l iq u id  c u l tu r e  
m e d ia , a n d  th o s e  is o la te d  in  t h is  s tu d y  w e re  no  e x c e p t io n .  U n ­
s u c c e s s fu l a t te m p ts  to  o b ta in  l iq u id  c u l tu r e s  in c lu d e d :
e m o c u U -.io n  o f  l iq u id  m edia  o f  s im i la r  c o m p o s it io n  to  th a t  u sed  
f o r  m a in ta in in g  a n d  is o la t in g  th e  o rg a n is m ,
o in o c u la t io n  o n to  a g a r  s la n ts ,  s u p e r im p o s e d  w ith  a n u t r ie n t  l iq u id  
m e d iu m ,
e in o c u la t io n  o n to  a g a r  s la n ts  c o n ta in in g  s a l ts ,  b lo o d  a n d  ru m e n  
f lu i d  a n d  a l iq u id  p h a se  c o n ta in in g  p e p to n e s  an d  c a r b o h y d ra te s ,
e g r a d u a l ly  d e c re a s in g  a g a r  c o n c e n tr a t io n .
L im ite d  su c c c s s  w as f in a l ly  o b ta in e d  u s in g  th e  Lem cke  te c h n iq u e  f o r  
g ro w in g  7 . hyodysenter; *e in  l iq u id  c u l tu r e  (L e m c k e  et . a].,
1 9 7 9 b ) , in  w h ic h  c u l tu r e s  a re  in c u b a te d  in  m in im um  a m o u n t o f  m e­
d iu m  in  a s la n te d  p o s i t io n .  T h e  c o m p o s it io n  o f  th e  liq u id  g r o w th  
m e d iu m  a n d  m e th o d  f o r  p r e p a r a t io n  a re  g iv e n  m A p p e n d ix  0 ( 8 ) .  
U s in g  th is  te c h n iq u e ,  s p iro c h a e te  is o la te s  w i th  n u m e ro u s  p e r ip la s m ic  
f i b r i l s  c o u ld  be c u l t iv a te d  a lth o u g h  o th e r  is o la te s  d id  n o t g ro w . 
G ro w th  c o u ld  be  v is u a liz e d  as a f in e ,  n o n -u n ifo rm ,  h a z y  t u r b id i t y  
d u r in g  lo g  p h a se  a n d  a w h ite  p r e c ip i t a te  on th e  g la ss  s u r fa c e  cn r in g  
s ta t io n a r y  p h a se  o f  g r o w th .  In c u b a t io n  t im e  was v a r ia b le  a n d  d e ­
p e n d e d  on in i t ia l  in o c u lu m  s ize , as w e ll as th e  p h y s io lo g ic a l s ta te
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o f  th e  in o c u lu m  c u l tu r e .  In  o r d e r  to  s ta n d a rd iz e  c o n d it io n s ,  an 
in o c u lu m  v o lu m e  o f  1 0 % o f a f r e s h ,  la te  lo g -p h a s e  c u l tu r e  w as r o u ­
t in e ly  u s e d . T h is  g a v e  a f in a l u o r c e n t r a t io n  o f  c .  5 x 10* 
» p iro c l,a e te s /m £  o f  c u l tu r e  i.te d iu m  an d  m ax im um  n u m b e rs  o f  b a c te r ia  
w e re  a t ta in e d  a f te r  10 d a y s  o f  in c u b a t io n  a t 3 7 °C . G ro w th  w as a s ­
s e sse d  u s in g  a B a u sch  »n d  Lom b S p e c tr o n ic  1001 s p e c t ro p h o to m e te r  
(B a u s c h  a n d  Lom b, R o c h e s te r ,  N ew  Y o r k ,  U S A ) w ith  a 1 cm l i g h t  
p a th  a n d  a w a v e ls n g th  o f 640nm . U s in g  u n m o c u la te d  c u l tu r e  m ed ia  
as a b l a n k ,  m ax im um  t u r b id i t y  t h a t  c o u ld  be a t ta in e d  w as c .  0 .4  
u n i t s .
Growth requirements of i s l  xrhaetes
Solid media
G ro w th  re q u ir-e m e n ts  o f  a l l th e  is o la te d  s p iro c h a e te  s t r a in s  w e re  
d e te rm in e d  b y  o m it t in g  r u m e n - f lu id ,  b lo o d  o r  c a r b o h y d ra te s  fro m  
R G C A  m a in te n a n c e  m e d iu m . C o n tro l p la te s  w e re  s im u lta n e o u s ly  in ­
o c u la te d ,  a n d  all c u l tu r e s  w e re  -n c u b a te d  a n a e ro b ic a l ly  f o r  tw o  
w u e k s , a f te r  w h ic h , p la te s  w e re  e x a m in e d  a n d  G ram  s ta in s  m ade o f  
a ll c u l tu r e s .
L iq u id  c u l tu r e
A n a ly s is  of g ro w th  re q u ire m e n ts  a n d  o p tim u m  g r o w th  co n d itio n s  o f 
th o s e  s p iro c h a e te s  th a t  w o u ld  g ro w  in  l iq u id  c u l tu r e  w as d e te rm in e d  
in th e  liq u id  c u l tu r e  m ed iu m  d e s c r ib e d  p r e v io u s ly ,  w ith  th e  e x c e p ­
t io n  t h a t  th e  m ed iu m  was n o t  su p p lem en ted  w ith  0,5% yea s t e x t r a c t  
s in c e  it  was o n ly  in th is  s tu d y  t h a t  th e  a d v a n ta g e s  o f  th is  s u p p le ­
m e n t becam e a p p a re n t.
o f  th e  in o c u lu m  c u l tu r e .  In  o r d e r  to  s ta n d a r d iz e  c o n d it io n s ,  an 
in o c u lu m  v o lu m e  o f  1 0 % o f  a f r e s h ,  la te  lo g -p h a s e  c u l tu r e  w as r o u ­
t in e ly  u s e d . T h is  g a v e  a f in a l  cc  ic e n t r a t io n  o f  c .  5 x 106
s p iro c h a e te s /m l o f  c u l t u r e  m e d iu m  a n d  m ax im um  n u m b e rs  b a c te r ia
w e re  a t ta in e d  a f te r  10 d a y s  o f  in c u b a t io n  a t  3 7 °C . G ro w th  w as a s ­
se sse d  u s in g  a B a u sch  a n d  Lom b S p e c tro n ic  1001 s p e c tro p h o to m e te r  
(B a u s c h  a n ^  Lom b , R o c h e s te r ,  New Y o rk ,  U S A ) w ith  a 1 cm l ig h t  
p a th  a n d  a w a v e le n g th  o f  640n m . U s in g  u n in o c u la te d  c u l tu r e  m edia  
as a b la n k ,  m ax im um  t u r b id i t y  t h a t  c o u ld  b e  a t ta in e d  w a - c . 0 4
u n i ts .
G ro w th  re q u ire m e n ts  o f  is o la te d  s p iro c h a e te s  
S o lid  m e d ia
G r o w t h  r e q u . r e m e n t s  o f  al l  t h 3 i s o la te d  s p iro c h a e te  s t r a i n s  w e re  
d e t e r m i n e d  b y  o m i: i g  r u m e n - f l u . d ,  b lo o d  o "  c a r b o h y d r a t e s  fro m  
R G O A m a in t e n a n c e  m e d iu m .  C o n tr o l p la te s  w e r e  s i m u l t a n e o u s l y  in ­
o c u l a t e d ,  a n d  a ll c u l t u r e ;  w e r e  m c u b a t  J  a n a e r o b i c a l l y  f o r  t w o  
w e e k s , a f te r  w h ic h ,  p la te s  w e re  e x a m in e d  a n d  G ram  s ta in s  r „ id e  o f  
al l  c u l t u r e s .
L iq u id  c u l tu r e
A n a ly s i s  o f  g r o w t h  r e q u i r e m e n t s  a n d  o p t im u m  g r o w t h  c o n d i t i o n s  o f  
t h o s e  s p iro c h a e te s  t h a t  w o u ld  g r o w  m liq u id  c u l tu r e  was d e t e r m i n e d  
in  t h e  l i q u i d  c u l t u i  e m e d iu m  d e s c r i b e d  p r e v io u s ly , w i t h  t h e  e x c e p ­
t io n  t h a t  t h e  m e d iu m  was n o t  s u p p le m e n te d  w i th  0,5% y e a s t  e x t r a c t  
s in c e  i t  was o n l y  m t h i s  s t u d y  t h a t  t h e  a d v a n ta g e s  o f  th is  s u p p l e ­
m e n t  became a p p a r e n t .
V a r ia t io n s  m ade to  th e  b a s ic  l iq u id  m ed iu m  (A p p e n d ix  D ( 8 >) i n ­
c lu d e d 1.
o re p la c e m e n t o f  fo e ta l c a l f  s e ru m  w ith
a . h e a t in a c t iv a te d  (5 6 °C  f o r  15 m in )  h o rs e  s e ru m  (G ib c o )
b .  h e a t in a c t iv a te d  r a b b i t  s e ru m , p r e p a r e d  in  th e  la b o ra ­
t o r y  fro m  r a b b i t  b lo o d ,
e a d d it io n  o f  a v ita m in  s o lu t io n  ( 2 pp m  b io t in ,  2 ppm  fo l ic  a c id ,  
lO p p m  p y r id o x in e  h y d r o c h lo r id e ,  5 pp m  r ib o f la v in ,  5pp m  
th ia m in e ,  5ppm  n ic o t in ic  a c id ,  5pp m  p a n to th e n ic  a c id ,  0 .1  pp m  
v ita m in  B 12) (W o lin  et al., 1 9 6 3 ).
o a d d it io n  o f  t ra c e  m in e ra l s o lu t io n  OOQOppm M gS O t , 1500ppm
n i t r i l o t r ia c e t i c  a c id ,  1000ppm  N a C I, 500ppm  M nS O ,,, TOOppm o f  
F e S O *, C a C !2 , C o C I2 , Z n S O h a n d  10 po m  o f  C u S 0 6 , A I ,S O M, 
H ,B O ,  a n d  N a ;M o O t)  (W o lin  et aJ., 1 9 6 3 ).
e a d d it io n  o f  a v o la t i le  f a t t y  a c id  s o lu t io n  (0 ,17%  a c e tic  a c id ,  0,06%
p r o p r io n ic  a c id ,  0,04%  b u t y r ic  a c id  a n d  0,01%  v a le r ic ,  is o v a le r ic
a n d  is o b u t y r ic  a c id s ) .
e a d d it io n  o f  0.5% y e a s t e x t r a c t  ( O x o id ) .
o c h a n g e  o f  gas p h a se  f ro m  100% C O z to  100% N , .
a in c u b a t io n  a t v a r io u s  te m p e ra tu re s  (4 2 °C , 3 0 °C , a n d  2 5 ° C ) .
e a d J i t io n  o f  c o c a rb o x y la s e  (0 . S m g/IO O m ?) a n d  v ita m in  K
( 0 . 1 m g / 1 0 0 m t ) .
o c u l t u r e s  in c u b a t e d  in  a  v e r t i c a l  p o s i t io n
C o n tro l c u l tu r e s  w e re  in c lu d e d  in  a ll s tu d ie s ,  a n d  a ll c u l tu r e s  w e re  
e x a m in e d  f o r  t u r b id i t y  a t 5 d a y  in te r v a ls  f o r  a p e r io d  o f  30  d a y s .  
T u r b id i t y  w as a sse sse d  b y  d e te r m in in g  a b s o rb a n c e  a t  640 nm .
T o  d e te rm in e  w h e th e r  s p iro c h a e te  is o la te s  h a d  an a b s o lu te  r e q u i r e ­
m e n t f o r  c a r b o h y d r a te s ,  a s u g a r - f r e e  m ed iu m  w as p r e p a r e d .  T h e  
p a p a ic  d ig e s t  o f  s o yb e a n  m eal in  t r y p t ic a s e  so y  b r o th  (O x o id  C M 129) 
in t r in s ic a l l y  c o n ta in s  g lu c o s e  (O x o id  m a n u a l) .  I n i t ia l ly ,  a fo rm u la te d  
t r y p t ic a s e  s o y  b r o th  c o n ta in in g  th e  c o n s t itu e n ts  o f  CM129 (A p p e n d ix  
D ( 9 ) )  b u t  la c k in g  th e  p a p a ic  d ig e s t  w as u s e d  in  Lem cke  l iq u id  
g r o w th  m e d iu m  (A p p e n d ix  D ( 8 ) ) .  T h is  fa ile d  to  s u p p o r t  s p iro c h a e te  
g r o w th  a n d  a ra n g e  o f  p e p to n e s  w e re  a d d e d  to  th e  b a s ic  m ed iu m  a t 
% c o n c e n tr a t io n  s im i la r  to  t h a t  fo u n d  in  t r y p t ic a s e  soy  b r o t h ,  viz. 
0.3% . P e p to n e  aus  f le is c h  ( M e r c k ) ;  m y c o io g ic a l p e p to n e  L40 
( O x o id ) ;  b a c to o e p to n e  ( D i f c o ) ;  p e p to n  ( in d e te r m in a te  o r ig i n ) ;  
b a c te r io lo g ic a l p e p to n e  L37 ( O x o id )  a n d  p ro te o s e  p e p to n e  ( D i fc o )  
w e re  a ll a d d e d  in d iv id u a l ly  to  th e  t r y p t o n e  m e d iu m . P e p to n e s  w e re  
a u to c la v e d  s e p a ra te ly  a n d  a s e p t ic a l ly  a d d e d  to  th e  b a sa l m e d .u m . 
A ll c u l tu r e s  w e re  in o c u la te d  f ro m  th e  same s to c k  c u l tu r e  a n d  w e re  
e x a m in e d  a t tw o  d a y  in te r v a ls  f o r  th e  p re s e n c e  o f  s p iro c h a e ta l 
t u r b id i t y .  O n ly  m y c o io g ic a l p e p to n e  L40 , b a c te r io lo g ic a l p e p to n e  
L37 a n d  p e p to n  s u p p o r te d  a d e q u a te  g r o w th ,  a n d  on t h is  b a s is  
c a r b o h y d r a te - f r e e  O x o id  b a c te ^ o lo g ic a ' p e p to n e  L37 w as c h o se n  to  
re p la c e  th e  p a p a ic  d ig e s t  o f  s o yb e a n  m eal c o m p o n e n t in  th e  fo r m u ­
la te d  t r y p t ic a s e  so y  b ro th  m e d iu m .
G ro w th  c u rv e
A g r o w th  c u r v e  o f is o la te  D29 g ro w n  in  Lem cke  l iq u id  g r o w th  m ed iu m  
( A p p e n d ix  D ( 8 ) )  w as c o n s t r u c te d .  E v a lu a t io n  o f  b a c te r ia l n u m b e rs
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a t v a r io u s  s a m p lin g  t im e s  w as p ro b le m a tic a l s in c e  s p iro c h a e te s  w o u ld  
n o t  g ro w  as is o la te d  c o lo n ie s  on  a g a r  p la te s  o r  in  r o l l  oe  c u l tu r e s .  
F o r  t h is  re a s o n , a v ia b le  c o u n t  c o u ld  n o t be  a s c e r ta in e d ,  b u t  th e  
c u r v e  was c o n s t r u c te d  u s in g  a to ta l c o u n t  o b ta in e d  w i th  a N e u b a u e r  
c o u n t in g  c h a m b e r .  L iq u id  c u l tu r e  m ed ia  w e re  in o c u la te d  w i th  a c t iv e  
lo g  p h a s e  c u l tu r e s  a t  f in a l  c o n c e n tra t io n s  o f  5 x lO V m l.  F o u r ,  
3 0 m l c u l tu r e s  w e re  s e t u p ,  a n d  a t 24 h o u r  in te r v a ls ,  0 .3 m l a l iq u o ts  
w e re  w ith d ra w n  fro m  each  c u l tu r e  a n d  c o m b in e d . T o ta l c o u n ts  a n d  
o p t ic a l d e n s ity  w e re  d e te rm in e d  f o r  each  sa m p le . W h ile  d o in g  to ta l 
c o u n ts ,  i t  w as n o t ic e d  t h a t  as th e  c u l tu r e  a p p ro a c h e d  s ta t io n a r y  
p h a s e , th e  n u m b e r  o f  s p i ra l fo rm s  o f  th e  o rg a n is m  d e c re a s e d  a n d  a 
n u m b e r  o f  g r a n u la r  fo rm s  w e re  se e n . T h e s e  v a r ia n ts  o f  th e
o rg a n is m  w e re  c o u n te d  s e p a ra te ly .  T h e  g r o w th  c u r v e  f o r  is o la te  
D29 w as re p e a te d  th re e  t im e s . T h e  m o rp h o lo g y  o f  th e  s p iro c h a e te s  
a t  d i f f e r e n t  s ta g e s  o f  th e  g r o w th  c u r v e  was d e te rm in e d  u s in g  n e g ­
a t iv e  s ta in in g  - t ra n s m is s io n  e le c t io n  m ic ro s c o p y  (A p p e n d ix  B ( 7 ) ) .
Culture o f  spirochaete g ra n u le s
T o  d e te rm in e  w h e th e r  th e  r o u n d  g r a n u la r  fo rm s  o f  s p iro c h a e te s  w e re  
r e p r o d u c t iv e  u n i ts ,  # H q u id  c u l t u r e  w as in c u b a te d  f o r  one  m o n th  
a n d  th e n  u se d  to  in o c u la 'e  Lem cke  l iq u id  g r o w th  m ed iu m  (A p p e n d ix  
D ( 8 ) ) .  P h a s e -c o n tra s t  m ic ro s c o p y  re v e a le d  t h a t  t h is  c u l tu r e  wa_ 
com posed  p r e d o m in a n t ly  o f g r a n u la r  fo rm s ,  a lth o u g h  an o c c a s io n a l 
h e lic a l o rg a n is m  w as se e n . C u ltu  es c o n ta in in g  no h e lic a l fo rm s  a n d  
w h ic h  had  bee n  m a in ta in e d  a t 4 °C  fo r  3 a n d  6  m o n th s  w e re  a lso  u se d  
as in o c u la .  In o c u la te d  c u l tu r e s  w e re  in c u b a te d  a t 3 7 °C  f o r  th re e  
m o n th s  b e fo re  b e in g  re c o rd e d  as n e g a t iv e  f o r  g r o w th .
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3 . 2 . 2  B io c h e m ic a l  c h a r a c t e r i z a t i o n
T h e  d i f f i c u l t y  o f  r o u t in e ly  c u l tu r in g  s p iro c h a e te  is c 'a te s  in  l iq u id  
m e d iu m  m e a n t t h a t  th e  m a jo r it y  o f  b io c h e m ic a l te s ts  had  to  be  p e r ­
fo rm e d  on  aga . m ed iu m  In  a d d it io n ,  s ta n d a r d  b io c h e m ic a l m edia  
(M a c F a d d in , 1980; S m ib e r t  a n d  K r ie g ,  1981a) w e re  m o d if ie d  to  a c ­
com m o date  th e  a n a e ro b ic  g ro w th  an d  fa s t id io u s n e s s  o f  th e s e  
o rg a n is m s . U n le s s  o th e r w is e  s ta te d ,  a ll b io c h e m ic a l te s ts  w e re  ^ o n e  
on  p r e r e d u c e d  B a c to  t r y p t o s e  b lo o d  a g a r  base  (D i fc o )  s u p p le m e n te d  
w i th  10% fo e ta l c a l f  se ru m  (F C S ) ( R e p u b lic  o f  S o u th  A f r ic a ,  S ta te  
V a c c in e  L a b o ra to r ie s )  a n d  o th e r ,  a p p ro p r ia te  s u b s t r a te s  a d d e d  to  
th e  m e d iu m . A ll t e s t  w e re  d o n e  in  d u p lic a te ,  a n d  p o s i t iv e  a n d  
n e g a t iv e  c o n t r o ls  u s in g  a n a e ro b ic  b a c te r ia  o r  f a c u lta t iv e  a n a e ro b ic  
b a c te r ia  g ro w n  u n d e r  a n a e ro b ic  c o n d it io n s  w e re  u s e d  w h e re v e r  
p o s s ib le .  7 . hyocfysenteriae (A T C C  27164) a n d  7 . innocens (A "l CC 
29796) w e re  a ls o  r o u t in e ly  te s te d .  S p iro c h a e te  s t r a in s  w e re  in o c u ­
la te d  fro m  M a in te n a n c e  m ed iu m  o n to  th e  te s t  m ed iu m  a n d  w e re  in ­
c u b a te d  in  th e  a n a e ro b ic  gas  c a b in e t  a t 3Z °C  f o r  7 d a y s .  B io ch e m ica l 
p a ra m e te rs  s e le c te d  w e re  (h o se  l is te d  f o r  th e  c h a r a c te r iz a t io n  o f  
Treponema s p e c ie s  in  H o ldem an et al . ( 1 9 7 4 ) ,  as w e ll as o th e r
c h a r a c te r is t ic s  u se d  f o r  th e  d i f f e r e n t ia t io n  o f  a n a e ro b ic  b a c te r ia .
O x id a s e
S t r ip s  o f  f i l t e r  p a p e r  w e re  im p re g n a te d  w i th  o x id a s e  re a g e n t (1% 
te t r a m e th y l- p - p h  > n y !e n e d ia m in e  d ih y d r o c h lo r id e )  ( S ig m a ) , p re p a re d  
im m e d ia te ly  b e fo re  u se . T e s t  c u l tu r e s  w e re  g ro w n  on  te s t  m ed iu m  
p la te s  a n d  g ro w th  was sm eared  d i r e c t ly  o n to  th e  o x id a s e  te s t  p a p e rs .  
T h e  d e v e lo p m e n t o f a - tu rp le  c o lo u r  w i th in  10 se co n d s  in d ic a te d  th e  
p re s e n c e  o f  th e  e n zym e . Escher ich ia coli, s e rv e d  as th e  n e g a tiv e  
c o n t r o l,  w h ile  Pseudomonas aeruginosa was u se d  as a p o s it iv e  c o n t r o l.
Catalase
B a c te r ia  g r o w in g  on te s t  m ed iu m  p la te s  w e re  e pose d  to  a i r  f o r  30 
m in  p r io r  to  a fe w  d ro p s  o f  3% k y d ro d e n  p e r o x id e  b e in g  p la c a d  d i ­
r e c t ly  o n to  th e  c u l tu r e s .  P re se n ce  o f  th e  e n zym e  w as in d ic a te d  b y  
th e  fo rm a t io n  o f  b u b b le s .  Staphylococcus epidermidis s e rv e d  as a 
p o s i t iv e  c o n t r o l ,  w h ile  Streptococcus lactis was u s e d  as a n e g a tiv e  
c o n t r o l .
Sugar fermentation
T h  j m e th o d  o f P h ill ip s  (1 9 7 6 ) w as u se d  t v  d e te rm in e  th e  fe rm e n ta t iv e  
c a p a c ity  o f  is o la te d  s p iro c h a e te s .  T w e n ty  m l o f  t e s t  m e d iu m  s u p ­
p le m e n te d  w th  5% b o v in e  b lo o d  in s te a d  o f  PC S , w as p o u re d  in to  p e t r i  
d is h e s  a n d  th e  o 'a te s  a llo w e d  to  d r y  in  a lam ina  f lo w  h o o d . S to c k  
s u g a r  s o lu t io n ',  c o n ta in in g  2 0 % o f  th e  s u b s t r a te  to  be  te s te d  w e re  
s te r i l iz e d  b y  a u to c la v in g  a n d  one  m l w as a d d e d  to  each p la te ,  w h ic h  
w as th e n  a llo w e d  to  d r y  ( f in a l  c o n c e n tra t io n  o f  s u g a r ,  1%). S u g a rs  
te s te d  w e re  a ra b in o s e  E B D H ); ,  c e llo b io s e  ( M e r c k ) ;  d u lc ito l ( B D H ) ;  
f ru c to s e  (S a a rc h e m ) ; g a la c to s e  ( B D H ) ;  g lu c o s e  ( S a a r c ie m ) ;  
g ly c o g e n  ( B D H ) ;  g ly c e ro l (S a a rc h e m ) ;  in o s ito i ( B D H ) ; in u l in  
( B D H ) ;  la c to s e  (S a a rc h e m ) ; m a lto se  (S a a rc h e m ) ; m a n n ito l ( M e r c k ) ;  
m a nnose  ( M e r c k ) ;  rn e iib io s e  ( B D H ) ;  r a f f in o s e  ( B D H ) ;  rh a m n o s e  
( B D H ) ;  n b o s e  (S a a rc h e m ) ; s a lic in  ( M e r c k ) ;  s o r b ito l (S a a rc h e m ) ;  
s o rb o s e  ( B D H ) ;  s u c ro  e (S a a rc h e m ) ;  s ta rc h  (a c id  o n ly )  (B D H )  an d  
x y lo s e  ( M e r c k ) .  P la tes  w e re  p r e re d u c e d  in  th e  a n a e ro b ic  c a b in e t  
p r io r  to  in o c u la t io n .  D ue to  th e  m ig ra t io n  o f  s p iro c h a e te s  th r o u g h  
th e  a g a r ,  o n ly  one  s p iro c h a e te  is o la te  p e r  p la te  w as te s te d .  
F e rm e n ta tio n  w as d e te c te d  b y  re m o v in g  an a g a r  p lu g  fro m  th e  p la te  
u s in g  a g la s s  tu b e ,  t r a n s fe r r in g  th is  p lu g  to  a p e t r i - d is h  a n d  
p la c in g  th  *e d ro p s  o f  0,04%  b ro m o th y m o l b lu e  (B D H )  o n to  th e  p lu g .  
C o lo u r  c h a n g e s  in  th e  in d ic a to r  d u e  to  a c id it y  in  th e  a g a r  w e re  
o b s e rv e d  w i th in  a m in u te .  A p la in  b lo o d  : g a r  p la te ,  w h ic h  h a d  1 
m l o f  s f * r i i . :  d i s t : 1' J  w a te r  a u d e d  to  i t ,  s e rv e d  as a s u b s t r a te - f r e e
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c o n t r o l ,  w h ile  an a d d it io n a l c o n t r o l o f  an u n in o c u ia t^ d  p la te  c o n ­
t a in in g  each s u g a r  w as a ls o  in c lu d e d .  E. coii w as u se d  as a c o n t r o l 
f o r  e v a lu a t in g  r e s u lts  o v e r  s e v e ra l s u b s t r a te s .  T h e  te s t  w as a ls o  
e v a lu a te d  a c c o rd in g  to  re c o rd e d  fe rm e n ta t io n s  o f  b o th  T. 
hyodysenterize an d  T. innocens.
Hydrogen sulphide production
T e s t  m ed iu m  c o n ta in in g  0.05%  f e r r ic  c i t r a te  (M e c ^ .  a n d  0 .  i t  »o d iu m  
th io s u lp h a te  (S a a rc h e m ) w as u s e d . A b la c k e n in g  o f  th e  m ed iu m  d u e  
to  fo rm a t io n  o f  iro n  s u lp h id e  in d ic a te d  *  p o s i t iv e  r e s u lt  Proteus 
vuJgaris w as u se d  as a p o s i t iv e  c o n t r o l ,  w h ile  E. coli s e rv e d  as a 
n e g a t iv e  c o n t r o l .
Indole production
F i l t e r  p a p e r  w as m o is te n e d  w i th  K o v a c s ’ re a g e n t  (3 g  
p -d im e th y la m in o b e n z a Id e h y d e  (S ig m a ) d is s o lv e d  in  75md o f  b u ta n o l 
a n d  2 5 m l o f  c o n c . MCI a d d e d ). C u ltu re s  g ro w n  on  m a in te n a n c e  
m ed iu m  w e re  sm e a re d  o n to  th e  m o is t f i l t e r  p a p e r .  T h e  fo rm a t io n  o f  
a p in k  c o lo u r  w i th in  3 m in u te s  in d ic a te d  a p o s - t iv e  re a c t io n .  A s  a 
p o s i t iv e  c o n t  ! r . coli was u s e d , w h ile  a sp e c ie s  s e rv e d
as a n e g a tiv e  . f o l .
Aesculin hydrolysis
T e s t  m ed iu m  c o n ta in in g  0 .1 °  a e s c u lin  (M e rc k )  a n d  0 ,0 5 °  f e r r ic  
c i t r a te  w as e m p lo y e d . A p o s i t iv e  re a c t io n  s u c h  as th a t  g iv e n  b y  
Klebsiella s p e c ie s  w as in d ic a te d  b y  a b la c k e n in g  o f  th e  p la te s .  
Salmonella typhimurium was u se d  as a n e g a tiv e  c o n t r o l.
9 9
Gelatin hydrolysis
A m o d if ic a t io n  o f  th e  m e th o d  d e s c r ib e d  b y  S ye d  (1 9 7 6 ) w as u s e d . 
A f t e r  in c u b a t io n  o f  t e s t  m ed iu m  s u p p le m e n te d  w i th  3% g e la t in  
( M e r c k ) ,  p la te s  w e re  r e f r ig e r a te d  f o r  a t le a s t  1 h o u r  prior to  e x ­
a m in a t io n .  A w h ite  o p a q u e  z o n e  a ro u n d  g r o w th  in d ic a te d  a p o s it iv e  
re a c t io n .  Streptococcus faecalis s e rv e d  as a p o s it iv e  c o n t r o l ,  w h ile  
E. coli w as u se d  as a n e g a t iv e  c o n t r o l.
Urease production
A m o d if ic a t io n  o f  C h r is te n s e n s ' u re a  a g a r w as e m p lo y e d . T e s t  m e­
d iu m  c o n ta in in g  0,0012%  p h e n o l re d  (p H  6 , 8 ) (B D H )  w as a u to c la v e d  
a n d  a f te r  c o o lin g  an a l iq u o t  o f  2 0 % u re a  s to c k  s o lu t io n  w h ic h  had
b ee n  f i l t e r  s te r i l iz e d  w as a d d e d  to  th e  m ed iu m  so t h a t  a f in a l c o n ­
c e n t r a t io n  o f  2% w as a c h ie v e d -  P o s it iv e  re a c t io n  w as in d ic a te d  b y  
a c h a n g e  in  th e  p h e n o l re d  in d ic a to r  f io m  y e llo w  (p H  6 . 8 ) to  re d  
(p H  8 . 4 ) .  P. vulgaris w as u s e d  as a p o s it iv e  c o n t r o l ,  w h ile  E. coli 
s e rv e d  as a n e g a tiv e  c o n t r o l.
N itrat* Reduction
T e . it  m ed iu m  w as s u p p le m e n te d  w i tn  0.1% K N O ,.  Im m e d ia te ly  p r io r  
to  t e s t in g ,  e q u a l vo lu m e s  o f  0,5%  o n a p h th y la m in e  a n d  0,8%  s u l fa n i l ic  
a c id  in  30% a c e t ic  a c id  w e re  m ix e d  a n J  a d r o p  p la c e d  d i r e c t ly  o n to
th e  m ic ro b ia l g r o w th .  D e v e lo p m e n t o f  a re d  c o lo u r  w i th in  2 m in
d e n o te d  a p o s i t iv e  re a c t io n .  E. coli s e rv e d  as a p o s i t iv e  c o n t r o l 
w h ile  Lactobacillus casei was u se d  as a n e g a t iv e  c o n t r o l.
M u c in  h y d r o ly s is
T e s t  m ed iu m  w as s u p p le m e n te d  w ith  1% h o g  g a s t r ic  m u c in  (S ig m a ) .  
A f t e r  in c u b a t io n ,  p la te s  w e re  f lo o d e d  w ith  1® C a C I2 a n d  a llo w e d  to  
s ta n d  f o r  30 m i. i T h e  C a C I2 p r e c ip ita te d  u n h y d ro lv > e d  m u c in , 
le a v in g  c le a r  zone s in  th e  m ed iu m  w e re  h y d r o ly s is  had  o c c u r r e d  
(R o a c h  a n d  T a n n o c k ,  1 9 7 9 ). Bacteraides vulgatus w as u>ed  as a 
p o s i t iv e  c o n t r o l ,  w h ile  E. coli s e rv e d  as a n e g a tiv e  c o n t r o l.
H a e m o ly s is
H a e m o lys is  o f  r a b b i t ,  h o rs e ,  hum an a n d  b o v in e  b lo o d  w as te s te d  b y  
th e  a d d it io n  o f  w h o le  c i t r a te d  b lo o d  to  B a c to  t r y p to s e  b lo o d  a g a r
b a se  ( D ifc o )  to  a f in a l c o n c e n tra t io n  o f  10%.
S ta rc h  h y d r o ly s is
T e s t  m ed iu m  w as s u p p le m e n te d  w ith  1% s o lu b le  s ta rc h  (M e rc k )  A f t e r
• n c u b a t io n ,  p la te s  w e re  f lo o d e d  w ith  G ram s io d in e  ( A p p e n d ix  A ( 1 ) ) .
A b lu e  c o lo u ra t io n  o f  th e  a g a r  s u c h  as t h a t  o b s e rv e d  w i th  E. coli 
in d ic a te d  a n e g a ti e r e s u lt ,  w h ile  u r  ta m e d  a g a r  a ro u n d  g ro w th  as 
seen w ith  Bacillus sunt ills in d ic a te d  a a p o s it iv e  re a c t io n .
G ro w th  in h ib i t io n
B i le :  t e s t  m ed iu m  w as s u p p le m e n te d  w ith  2% B a c to  o x _  ' ( D ifc o )  
N a C I: t e s t  m ed iu m  w as s u p p le m e n te d  w ith  5% ( w / v )  N a C I.
G ly c in e :  te s t  m ed iu m  was s u p p le m e n te d  w i th  1% g ly c in e .
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M e a t  m e d i u m
R o b e r ts o n s ' c o o k e d  m eat m edium  (O x o id )  w as in o c u la te d  w ith  an  a g a r  
p lu g  c u t  fro m  s p iro c h a e te  g ro w th  on m a in te n a n c e  m ed ium  p la te s  a n d  
in c u b a te d  f o r  4 w e e ks .
D e c a rb o x y la s e
L iq u id  g ro w th  m ed iu m  (A p p e n d ix  D ( 8 ) )  was s u p p le m e n te d  w ith  
0.001%  b ro m o th y m o l b lu e  ( B D H ) ,  0.0005%  c re s o l re d  ( B D H ) ,  0.0005%  
p y r id o x a l (B D H )  a n d  e i th e r  1% L - a r g in in e ,  L - ly s in e  o r  L - o r n i t h in e  
( M e r c k ) .  A c o n t r o l c u l tu r e  w ith o u t  am ino a c id s  w as a lso  in c lu d e d .  
C u ltu re s  w e re  e xa m in e d  f o r  a c o lo u r  ch a n g e  fro m  y e llo w  to  p u r p le ,  
w h ic h  is  in d ic a t iv e  o f  a p o s i t iv e  r e a c t io n .  A s  a p o s it iv e  c o n t ro l ( f o r  
ly s in e ,  a rg in in e  an d  o r n i t h in e ) :  Salmonella typhimuriue w as u sed  
w h ile  as a n e g a t iv e  c o n t r o l ( f o r  ly s in e ,  a r g in in e  a n d  o r n i t h in e ) :  P. 
vulgaris was u s e d . T h is  te s t  c o u ld  o n ly  b e  d on e  on  is o la te s  w h ic h  
w o u ld  g ro w  in  l iq u id  m ed ium  T h e  h ig h  c o n c e n tra t io n  o f  ly s in e  in ­
h ib ite d  s p iro c h a e te  g r o w th  and  an in c u b a t io n  p e r io d  o f  a m o n th  was 
n e c e s s a ry  b e fo re  m ed ium  becam e t u r b id .  T h e  o th e r  c u l tu r e s  a t ta in e d  
m ax im um  t u r b id i t y  w i th in  1 0  d a y s .
M e ta b o lic  E n d  P ro d u c ts
T h e  v o la t i le  m e ta b o lic  e n d -p r o d u c ts  o f  s p iro c h a e te  is o la te s  t h a t  g re w  
in  l iq u id  m edium  w e re  d e te rm in e d  u s in g  th e  m e th o d  o f C a rls s o n  
(1 9 7 3 ) . S p iro c h a e te s  w e re  c u l t iv a te d  in  Lem cke l iq u id  g r o w th  m e­
d iu m  (A p p e n d ix  D ( 8 ) )  an d  an a l iq u o t  o f in o c u la te d ,  b u t  n o t in c u ­
b a te d  b r o th  wa< s to re d  a t 4 °C  to  s e rv e  as a c o n t r o l.  T h e  
e n d -p r o d u c ts  o f is o la te  D29 g ro w n  in  fo rm u la te d  t r y p t ic a s e  so y  
b r o t h ,  b o th  in  th e  p re s e n c e  and  a b se n ce  o f  g lu c o s e  w e re  a ls o  d e ­
te rm in e d .  O nce t u r b id ,  a sam p le  o f c u l tu r e  was p asse d  th r o u g h  a 
c a t io n -e x c h a n g e  re s in  ( Dowex AG50W , 400 mesh h y d ro g e n  fo rm  
(S ig m a ) w h ic h  had been w a shed  in  d is t i l le d  w a te r  a n d  p a c k e d  o n to
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g la s s  w oo l in  a P a s te u r  p ip e t te .  T h e  e lu a te  was c o lle c te d  an d  2 y t  
sam p le s  w e re  a n a ly s e d  in  i  P ye U n icam  C C D  c h ro m a to g ra p h  (R y e , 
C a m b r id g e ,  U K ) f i t t e d  w ith  d u a l f la m e  io n iz a t io n  d e te c to rs .  A  n i ­
t ro g e n  f lo w  -a te  o f  60m £ /m in  was u se d  an d  th e  co lu m n s  ( c . 1 . 8 m 
x 3mm in n » r  d ia m e te r)  w e re  p a c k e d  w i th  C h ro m o s o rb  101 8 0 /1 0 0  m esh 
(A H te c h )  Sam ples w e re  ru n  is o th e rm a lly  a t 220c C . R e s u lts  w e re  
re c o rd e d  on  a c h a r t  re c o rd e r  an d  p e a ks  w e re  c o m p a re d  w ith  th o s e  
o b ta in e d  u s in g  a s ta n d a rd  v o la t i le  f a t t y  a c id  s o lu t io n  c o n ta in in g  
lm e q /m 2 o f  a c e t ic ,  p r o p r io n ic ,  b u t y r ic ,  is o b u ty r ic ,  v a le r ic ,  
is o v a le r ic ,  la c tic  a n d  s u c c in ic  a c id s .
P ig m e n t a n a ly s is
W hen g ro w n  on p la te s  c o n ta in in g  w h o le  h o rs e  b lo o d  in s te a d  o f  b o v in e  
b lo o d , some s p iro c h a e te  is o la te s  h a d  a ta n  c o lo u ra t io n .  S in ce  
p ig m e n ta tio n  in  tre p o n e rn e s  is  r a re ,  t h is  p ig m e n t was f u r t h e r  c h a r ­
a c te r iz e d .  P igm en t a n a l/s is  was o n ly  p e r fo rm e d  on is o la te  G 40, s in c e  
t h is  was th e  m ost p ig m e n te d  o f a ll th e  is o la te s .
T o  d e te rm in e  th e  s o lu b i l i t y  o f  th e  p ig m e n t,  lo o p fu ils  o f  c u l tu r e  w e re  
e m u ls if ie d  in ,  a c e to n e , p e tro le u m  e th e r ,  c h lo ro fo rm ,  w a te r ,  to lu e n e  
an d  e th a n o l in  th e  w e lls  o f a sp o t p la te .  S in ce  th e  p ig m e n t was 
r e a d t ly  s o lu b le  in  c h lo ro fo rm ,  th is  s o lv e n t  w as used  to  e x t r a c t  th e  
p ig m e n t f o r  f u r t h e r  a n a ly s is .
S p iro c h a e te s  w e re  h a rv e s te d  fro m  te n  R G C A p la te s  c o n ta in in g  10%
h o rs e  b lo o d , w a shed  tw ic e  in  s a lin e  a n d  th e n  re s u s p e n d e d  in  5 m t
o f  s a lin e . P igm en t w as e x t ra c te d  b y  th e  a d d it io n  o f  an e q u a l vo lum e  
o f c h lo ro fo rm  an d  s h a k in g  th e  s u s p e n s io n  f o r  i O m in . T h e
c h lo ro fo rm  la y e r  was s e p a ra te d  fro m  th e  a q u e o u s  phase  b y
c e n t r i fu g a t io n  a t 350()g f o r  10 m m . T h e  p ig m e n t was c h a ra c te r iz e d  
a c c o rd .n g  to  th e  c r i t e r ia  l is te d  in Fox (1 9 7 6 ).
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T h e  a b s o rb a n c e  s p e c tru m  w as d e te rm in e d  b y  m o n ito r in g  th e  
a b s o rb a n c e  fro m  200 -700nm  u s i, g a B eckm an M odel 2b
s p e c tro p h o to m e te r  ( B e c k o n  S c ie n t if ic ,  I r v in e ,  C a li fo r n ia ,  U S A ).
F lu o re s c e n c e  was d e te rm in e d  b y  e x a m in in g  th e  p ig m e n t u n d e r  a u l ­
t r a v io le t  lam p th a t  e m it te d  l ig h t  a t 366 a n d  254 nm . S e n s it iv i ty  to  
d i lu t e  a c id s ,  s t ro n g  a c id s , a lk a lis  a n d  io d in e  was d e te rm in e d  in  a 
s p o t p la te  b y  m ix in g  0 . 2  m l a l iq u o ts  o f  p ig m e n t e x t r a c t  w ith  e q u a l 
vo lum e-* o f  0 . ‘. M CI, 10M M C I, 0 .1 M  H ,S O * ,  10M H 2 S 0 6 , 10M N aO H , 
1M NaOH a n d  G ram s io d in e .  S e n s it iv  t y  to  o x id a t io n  w as d e te rm in e d  
b y  b u b b lin g  o x y g e n  ( A f r o x  ) t h ro u g i th e  e x t r a c t .
A P I ZYM
Trefxmmma c u l tu r e s  J 2 2 , J25 , J28 , 121 , L23 , M 32, P16, P28, T 1 , T 9 , 
T 1 5 , T 1 8 , T 2 3 , 7 . hyodysenteriae a n d  7 . innocens w e re  s c ra p e d  o f f  
T S B A  p la te s  a n d  s u s p e n d e d  in  s te r i le  s a l in e .  T h e  c u l tu r e s  w e re  
w a sh e d  a n d  re s u s p e n d e d  in  s a lin e  a t  a t u r b id i t y  e q u a l to  a
M a c F a r la n d  tu b e  n u m b e r  5. In it ia l h a r v e s t in g  was p e r fo rm e d  in  th e  
a n a e ro b ic  c a b in e t  w h ile  o th e r  m a n ip u la t io n s  w e re  p e r fo rm e d  u n d e r  a 
s tre a m  o f n i t ro g e n  g a s . T h e  c u ltu r e s  w e re  th e n  t r a n s fe r r e d  b a c k  
in to  th e  c a b in e t  w h e re  tw o  d ro p s  w e re  p la c e d  in  each m ic ro tu n e  o f  
an A P ' ZYM  g a l le r y  (A P I S ys tem  S . A . ,  M o n ta lie u , V e rc ie u ,  F ra n c o ',  
w h ic h  was in c u b a te d  a n a e ro b ic a lly  f o r  4 h o u rs  a t / 'C  O ne d ro p  
each o f re a g e n ts  A  a n d  B (A P I S ys te m  S . A . )  w e re  a d d e d  to  each 
m ic ro tu b e ,  an d  th e  c o lo u r  d e v e lo p e d  f o r  5 m in , a f te r  w h ic h
n o n -s p e c if ic  y e l lo w in g  o f th e  s u s p e n s io n  was re m o ve d  b y  e x p o s in g  
th e  g a l le r y  to  s u n l ig h t  f o r  5 m in . A  v a lu e  r a n g in g  fro m  0 -L  was 
a s s ig n e d  to  each m ic ro tu b e  b y  c o m p a r is o n  w ith  a c o lo u r  c h a r t  p r o ­
v id e d  b y  th e  m a n u fa c tu re r .
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3 . 2 .3  D N A  C h a ra c te r iz a t io n
Seme d i f f i c u l t y  w as e x p e r ie n c e d  in  is o la t in g  D N A  fro m  s p iro c h a e te  
is o la te s  a n d  m a n y  v a r ia t io n s  to  b o th  th e  K i r b y  (1957 ) p h e n o l m e th o d , 
a n d  M a rm u r  (1 9 6 1 ) m e th o d  w e re  a t te m p te d .  F o r a ll th e s e  m e th o d s , 
D N A  c o u ld  be re a d ily ' e x t ra c te d  f ro m  a c o n t r o l E. coli c u l t u r e  b u t  
n o n e  y ie ld e d  a p p re c ia b le  a m o u n ts  o f  s p iro c h a e te  D N A . A n  a ssa y  f o r  
D N ase  a c t iv i t y  b y  th e  s p iro c h a e te s ,  u s in g  a m o d if ie d  v e rs io n  o f  th e  
to lu id in m  b tu e -O -D N a s e  te s t  (M a c F a d d in , 1 9 8 0 ), in  w h ic h  D N ase a g a r  
(O x o id )  s u p p le m e n te d  w ith  10% FC S , 0.25%  g lu c o s e  a n d  0.01%  
T o lu id in e  b lu e - 0  (M e rc k )  w as u s e d . In o c u la te d  p la te s  w e re  in c u ­
b a te d  in  th e  a n a e ro b ic  c a b in e t  f o r  a w e e k  b e fo re  b e in g  e x p v ie d  to  
a i r  f o r  a t  le a s t 30  m in  p r io r  to  in te r p r e t in g  th e  r e s u lts  ( th e  low  
re d o x  p o te n t ia l o f  th e  c a b in e t  re d u c e d  th e  to lu id in e  b lu e  m a k in g  i t  
c o lo u r le s s ,  b u t  u p o n  e x p o s u re  to  a i r ,  re o x id a t io n  re s to re d  th e  b lu e  
c o lo u r ) .  A  p in k  c o lo u ra t io n  s u c h  as th a t  o b s e rv e d  w h e n  S. 
marcescens w as u s e d , in d ic a te d  a p o s it iv e  r e s u lt ;  w h e re a s  a b lu e  
c o lo u ra t io n  as seen w h e n  E. coli w as u s e d , in d ic a te d  a n e g a tiv e  
c o n t r o l .  A l l s p iro c h a e te  c u l tu r e s  y ie ld e d  a n e g a tiv e  re a c t io n ,  in d i ­
c a t in g  th a t  D N ase  was n o t d e g ra d in g  th e  D N A  b e fo re  i t  c o u ld  be  
is o la te d .
Is o la t io n  o f  D N A
H ig h ly  p o ly m e r iz e d  D N A  w as f in a l ly  is o la te d  a n d  p u r i f ie d  u s in g  th.s 
m e th o d  o f M e y e r  a n d  S c h le i fe r  (1 9 7 5 ) , w h ic h  is  d e s c r ib e d  in  d e ta i l 
in  A p p e n d ix  E ( 1 ) .  S p iro c h a e te s  w e re  c u l t iv a te d  on  m a in te n a n c e  
m e d iu m  (A p p e n d ix  D ( 4 ) )  a n d  we- s te d  ( a e r o b ic a lly )  b y
p o u r in g  s a lin e  o n to  th e  m ed iu m  z he  c u l tu r e  o f f  th e  a g a r
s u r fa c e  u s in g  a g la s s  s p re a d e r .  ,e lls  w e re  c o lle c te d  b y
c e n t r i f u g a t io n  (8000g  f o r  lO m in ) in  a B e ckm an  J2-21  c e n t r i f u g e  w ith  
a J A -1 4  r o to r  (B e c k m a n  S c ie n t if ic ,  I r v in e ,  C a lifo rn ia ^ U S A )  an d  D N A  
is o la te d  fro m  c .  0 .5m £  o f  w e t p a c k e d  c e lls .  S o d ium  d o d e c y ls u lp h a te
(S D S ) was u se d  to  ly s e  th e  c e lls  and  th e  n u c le ic  a c id s  w e re  e x ­
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t r a c t e d  w ith  h e x a d e c y lt r im e th y l am m onium  b ro m id e  (S ig m a ) D N A  was 
p r e c ip i t a te d  w ith  is o p ro p a n o l,  c o l le c te d  b y  c e n t r i f u g a t 'o n  a n d  s u s ­
p e n d e d  in  s o d iu m  c i t r a te  b u f fe r  (A p p e n d ix  E d ) ) .  T h e  c o n c e n tra t io n  
o f  D N A  w as a d ju s te d  to  5 0 u g /m t (A p p e n d ix  E ( 2 ) )  u s in g  saMne c i t r a te  
b u f f e r .  P u r i t y  o f  th e  D N A  was a sse sse d  u s in g  th e  e x t in c t io n  c o e f­
f ic ie n ts  s t  A 2 $, / A 2 M  a n d  A j j . / A , , #  ( A p p e n d ix  E ( 2 ) ) .
G *C  m o lt  C o n te n t
T h e rm a l d e n a tu r a t io n  as d e s c r ib e d  b y  M a rm u r  a n d  D o ty  (1 9 6 2 ) , was 
u s e d  to  d e te rm in e  th e  D N A  b ase  c o m p o s it io n .  T h e  D N A  c o n c e n ­
t r a t io n  w as a d ju s te d  to  2 5 y g /m t  ( o p t ic a l d e n s ity  o f  0 .5  a t 260 nm ) 
b y  th e  a d d it io n  o f  an e q u a l vo lu m e  o f  s a lin e  c i t r a te  b u f f e r  (A p p e n d ix  
E d ) )  to  th e  D N A  s to c k  s o lu t io n .  A m e lt in g  p r o f i le  w as o b ta in e d  
u s in g  a V a r la n  2200 s p e c tro p h o to m e te r  ( V a r ia n ,  C a r y ,  A u s t r a l ia )  
e q u ip p e d  w i th  a J u ia b o  th e rm o p ro g ra m m e r  (J u la b o  L a b o ra to r y  
E q u ip m e n t,  S e e lb a c h , W est G e rm a n y ) .  T h e  te m p e ra tu r e  w as ra is e d  
a t  a ra te  o f  5 °C  p e r  m in u te  u n t i l  50°C  w as re a c h e d ,  a n d  th e r e a f t e r ,  
a t a ra te  o f  1°C  p e r  m in . .a G *C  mo!% ra t io  w as c a lc u la te d  u s in g  
th e  fo rm u la  %GC = 2 , A4 (T n  4 ) w h e re  Tm  is  th e  m id p o in t  o f
th e rm a l d e n a tu r a t io n  o f  th e  D f-A  (D e  L e y ,  1970; M a rm u r  a n d  D o ty ,  
1962) (A p p e n d ix  E ( 3 ) ) .  A s  c . 'r t r o ls ,  th e  G *C  mol% r a t io  o f  D N A  
e x t ra c te d  b y  th e  a b o ve  m e th o d  < m £. coJi B (N C 7 C  9001) a n d  T. 
byodysenteria. (A T T C  27164) w as o " 'te rm in e d .
3 . 2 .4  L ip id  a n a ly s is
L ip id  e x t r a c t io n
L ip id s  w e re  e x t ra c te d  b y  a m o d if ic a t io n  o f  th e  m e th o d  o f B lig h  and  
D y e r  (1 9 5 9 ) w h ic h  is d e s c r ib e d  in  d e ta i l  in  A p p e n d ix  F ( 1 ) .  
L y o p h il iz e d  c e lls  o f  k n o w n  d r y  w e ig h t  w e re  s u s p e n d e d  in  d is t i l le d
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w a te r  a n d  n e th a n o l a n d  c h lo ro fo rm  a d d e d . L ip id s  w e re  e x t ra c te d  
a t  4 ° C , th e  c h lo ro fo r m  la y e r  w as c o l le c te d ,  e v a p o ra te d  a n d  th e  l ip id s  
d r ie d  to  c o n s ta n t  w e ig h t .  A f t e r  w e ig h in g ,  l ip id s  w e re  s u s p e n d e d  
in  3m£ o f  c h lo ro fo rm -m e th a n o l (1 9 :1  v o l / v o l )  a n d  s to re d  u n d e r  n i ­
t ro g e n  a t -2 0 °C .
L ip id  f r a c t io n a t io n
T h e  to ta l l ip id  e x t r a c ts  w e re  s e p a ra te d  in to  t h e i i  c o m p o n e n t l ip id  
c!asse» b y  D E AE c e llu lo s e  co lu m n  c h ro m a to g ra p h y  (R o u s e r  et al., 
1 9 6 9 ). T h is  f a c i l i t a te d  th e  id e n t i f ic a t io n  o f  p o la r  l ip id s  a n a ly s e d  
b y  th in  la y e r  c h ro m a to g ra p h y ,  as m a n y  o f  th e  s ta n d a rd s  h a d  o v e r ­
la p p in g  m o b il i t ie s ,  b u t  c o n v e n ie n t ly ,  f r a c t io n a t io n  in to  a c id ic  a n d  
n o n -a c id ic  f r a c t io n s  s e p a ra te d  a ll o v e r la p p in g  s p o ts .  T h e  co lu m n  
w as p a c k e d  w i th  D E A E  c e llu lo s e  (S ig m a ) c o n v e r te d  to  th e  a c e ta te  
fo rm  as d e s c r ib e d  in  A p p e n d ix  F ( 2 ) .  L ip id s  w e re  e lu te d  b y  th e  
schem e p re s e n te d  in  T a b le  14 in  A p p e n d ix  F ( 2 ) .  F ra c t io n s  2 a n d  
3 w e re  so  r a te d  to  d r y n e s s  a n d  r e s ^ s p e n d e d  in  O .S m t o f  
c h lo ro fo i.- .  e th a n o l (1 9 :1  v o l / v o l ) ,  w h ile  c o n ta m in a t in g  s a lts  in  
f r a c t io n  4 w e re  re m o v e d  b y  p a s s in g  t h is  T ra c tio n  th ro u g h  a se p h a d e x  
co lu m n  (P h a rm a c ia )  ( A p p e n d ix  F ( 2 ) ) ,  p r io r  to  b e in g  d r ie d  a n d  r e ­
s u s p e n d e d  in  0 .5  m l c h lo ro fo rm  m e th r ,  I (1 9 :1  v o l / v o l ) .  A l l  sam p les  
w e re  s to re d  u n d e r  n i t r o g e n  a t - 2 0 ° C . - a c t io n s  2 an d  4 , c o n ta in in g
n o n -a c id ic  p o la r  l ip id s  „ n d  aw  die >r l ip id s  r e s p e c t iv e ly ,  w e re  
a n a ly s e d  u s in g  th in  la y e r  c h r o n a to r  y ( T L C ) ,  w h ile  th e  co m p o ­
n e n ts  in  f r a c t io n  3 , w h ic h  c o n ta in e r  a t ty  a c id s , w e re  a n a ly s e d
u s in g  g a s - l iq u id  c h ro m a to g ra p h y  (L
T h in  la y e r  c h ro m a to g ra p h y
T h e  p h o s p h o lip id  a n d  g ly c o l ip id  c o m p o n e n ts  e lu te d  f ro m  th e  DEAE 
c e llu lo s e  co lu m n  w e re  a n a ly s e d  u s in g  T L C .  G la ss  p la te s  20 x 20 cm
w e re  c o a te d  w i th  a 250 pm la y e r  o f  S ilic a  G el G (M e rc k )  u s in g  a 
D esaga  a p p a ra tu s  (D e s a g a , G e rm a n y )  at j  w e re  a c t iv a te d  a t  n O ° C  
f o r  60 m in  im m e d ia te ly  p r io r  to  u se . L ip id  sam p les  ( u s u a l ly  3 0 y l )  
w e re  c h ro m a to g ra p h e d  tw o  d im e n s io n a liy  u s in g
c h lo ro fo rm  -m e th a n o l-a m m o n iu m  h y d r o x id e  (6 0 :3 0 :4  v o l / v o l / v o l )  in  
th e  f i r s t  d i r e c t io n ,  a n d  c h lo ro fo r m -m e th a n o l-w a te r  ( 6 5 :2 4 :4  
v o l / v o l / v o l )  in  xhe s e co n d  d i r e c t io n .  A  d e v e lo p in g  d is ta n c e  o f  15cm 
w as u sed  f o r  b o th  s o lv e n ts .  S p o ts  w e re  d e te c te d  u s in g  io d in e  
v a p o u r  a n d /o r  0,05%  a q u e o u s  R h o d a m in e  G 6  ( M e rc k )  s o lu t io n  s p ra y e d  
o n to  th e  p la te  a n d  v ie w e d  w ith  a u l t r a - v io le t  l ig h t  w ith  a w a v e le n g th  
o f  26€nm . P h o s p h o lip id s  w e re  id e n t i f ie d  u s in g  th e  f e r r ic  
c h lo r id e - s u i fo s a i ic y i ic  a c id  re a g e n t  (A p p e n d ix  F ( 3 ) )  w h ile  g ly c o lip id s  
w e re  id e n t i f ie d  u s in g  th e  d ip h e n y la m -n *  re a g e n t  (A p p e n d ix  F ( 3 ) ) .  
G ly c e r id e s  w e re  id e n t i f ie d  b y  s p r a y in g  th e  p la te s  w ith  TON KO H a f te r  
th e y  had  bee n  s p ra y e d  w i th  R h o d a m in e  G 6  s o lu t io n  a n d  v ie w in g  
u n d e r  u l t r a - v io le t  l i g h t .  R e te n tio n  o f  f lu o r e s c  ic e  a ,"te r q u e n c h in g  
w i th  KO H in d ic a te d  th e  p re s e n c e  o f  a g ly c e r id e  (T o u c h s to n e  a n d  
D o b b in s ,  1 9 8 3 ). L ip id s  w e re  id e n t i f ie d  b y  c o m p a r is o n  o f  m o b il it ie s  
w i th  th e  s ta n d a rd s  p h o s p h a t id y l s e r in e ,  p h o s p h a t id y lc h o lin e ,  
c a r d io l ip in ,  p h o s p h a t id y l g ly c e r o l ,  p h o s p h a t id y l in o s ito l,
ly s o p h o s p h a t id y lc h o lin e ,  p h o s p h a t id y le ‘ h a n o !a m in e , s p h in g m y e lin  a n d  
m o n o g a la r to s y ld ig ly c e r id r ,  a ll o b ta in e d  f ro m  Sigm a,
Q u a n t ita t io n  o f  p h o s p h o lip id s
T h e  p o s it io n  o f  p h o s p h o lip id  s p o ts  on T L C  p la te s  w as d e te c te d  u s in g  
io d in e  v a p o u r  an d  t h e i r  p o s it io n  m a rk e d .  T o  fa c i l i t a te  re m o va l o f  
th e  s p o ts ,  th e  s il ic a  ge t w as s p ra y e d  l i g h t ly  w ith  w a te r .  M a rk e d  
s p o ts  w e re  s c ra p e d  o f f  th e  g la s s  p la te  u s in g  a b la d e , a n d  p la c e d  in to  
a c id -c le a n e d  te s t  tu b e s .  F o r each e s s a y , a sam p le  o f  s il ic a  g e l o f  
s im ila r  s ize  to  th e  te s t  s p o t w as c u t  fro m  a c le a n  a re a  o f  th e  p la te  
a n d  in c lu d e d  as a b la n k .  P h o s p h a te  a n a ly s is  was p e r fo rm e d  u s in g
1 0 8
th e  m e th o d  d e s c r ib e d  b y  K irc h r .e .  (1 9 7 8 ) (A p p e n d ix  F ( 4 ) ) .  A s  an 
in te rn e )  c o n t r o l ,  r e c o v e r y  o f  p h o s p h o lip id  s ta n d a rd s  d e v e lo p e d  tw o  
d im e n s io n a lly  on  T L C  p la te s  w as a n a ly s e d .
Sugar analysis
T o ta l e x t r a c te d  lip id<  as w e ll as g ly c o l ip id  s p i s on  T L C  p la te s  w e re  
a n a ly s e d  f o r  t h e i r  s u g a r  m o ie tie s . G ly c o l ip id  s p o ts  w e re  c o lle c te d  
as d e s c r ib e d  p r e v io u s ly  th e  l ip id s  e lu te d  u s in g  c h lo ro fo rm ,  th e  
s il ic a  L " I re m o v e d  b y  c e n t r i f u g a t io n ,  a n d  th e  c h lo ro fo rm  e v a p o ra te d  
le a v in g  th e  g ly c o l ip id  sa m p le . S u g a r  m o ie tie s  w e re  id e n t i f ie d  u s in g  
g a s - l iq u id  c h ro m a to g ra p h y  as d e s c r ib e d  b y  C lam p (1 977 ) (A p p e n d ix  
F ( 5 ) ) .  M e th y l g ly c o s id e s  w e re  fo rm e d  u s in g  2M m e th a n o lic -H C I a n d  
h e a t in g  th e  sam p le  u n d e r  n i t r o g e n  a t 8 5 °C . T h e  s o lu t io n  w as n e u ­
t r a l iz e d  w ith  s i lv e r  :a rb o n a te  ( A g 2 C O ,)  ( M e r c k ) ,  a n d  a c e t ic  
a n h y  > id e  (B D H )  a d d e d . A f t e r  c e n t r i f u g a t io n  a n d  t i t u r a t io n  o f  th e  
s e d im e n t w i th  m e th a n o l,  s u p e rn a ta n t  f ra c t io n s  w e re  e v a p o ra te d  to  
d r y n e s s  a n d  l ip id  m a te r ia l re m o ve d  w ith  n -h e x a n e .  T h e  re s id u e  
w as s to re d  in  a d e s ic c a to r  < e r  s i l ic a - g e l u n t i l  r e q u ir e d .  
T  f im e th y ls i ly l im id a z o ie  (T S M I)  (S u p e lc o  I n c . )  in  p y r id in e  (1:2  
v o l / v o l )  w as u se d  to  d e r iv a t iz e  th e  sa m p le s . T h re e  u t  a l iq u o ts  w e re  
c h ro m a to g ra p h e d  in  a P ye  U n icam  C C D  g a s - . io u id  c h ro m a to g ra p h  
(P y e ,  C a m b r id g e ,  U K ) e q u ip p e d  w i th  d u a l flam e  io n iz a t io n  d e te c to rs  
a n d  d u a l 1 .8m  x 3mm ( in te r n a l d ia m e te r )  g la s s  co lu m n s  p a c k e d  w ith  
10% 5 P2330 on  100 /120  s u p e l p o r t  (S u p e lc o )  n i t r o g e n  f lo w  ra te  o f  
d O m t/m in  w as u s e d , a n d  a te m p e ra tu re  p ro g ra m  o f  2 0 0 °C f o r  1 m in u te  
fo llo w e d  b y  an in c re a s e  o f 1 6 °C /m in u te  f o r  6 .5  m in u te s  was em ­
p lo y e d .  Peaks w e re  id e n t i f ie d  u s in g  th e  c o n t r o l s u g a rs  D -g lu c o s e ,  
D g a la c to s e , D q a la c to s a m in e  a n d  D -m a n n o s e  t re a te d  in  th e  same 
m a n n e r.
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F a t ty  a c id  a n a ly s is
T o ta l e x t ra c te d  l ip id  m a te r ia l as w e ll as sam p les  fro m  f r a c t io n  3 o f  
th e  D E AE c e llu lo s e  co lu m n  w e re  e v a p o ra te d  to  d r y n e s s  a n d  r e f lu x e d  
u n d e r  n i t r o g e n  w i th  0 .5 m l w ith  2M m e th a n o lic -H C I a t 8 5 °C  f o r  3 -5  
h o u rs .  Sam ples w e re  e v a p o ra te d  tc  d r y n e s s  u n d e r  n i t r o g e n  an d  
s u s p e n d e d  in  0 .5 m t  o f  c h lo ro fo rm -h e x a n e  ( 1 :4  v o l / v o l ) .  T h e  f a t t y  
a c id  m e th y i- e s te r s ,  w e re  a n a ly s e d  b y  g a s - l iq u id  c h ro m a to g ra p h y  
u n d e r  s im i la r  c o n d it io n s  to  th o s e  d e s c r ib e d  f o r  s u g a r  a n a ly s is ,  e x ­
c e p t  t h a t  an is o th e rm ic  te m p e ra tu re  o f  250 °C  w as u s e d . F a t ty  a c id  
p r o f i le s  w e re  id e n t i f ie d  b y  c o m p a r in g  -e te n t io n  tim e s  w ith  th e  
s ta n d a rd s  1 2 :0 , 1 4 :0 , 1 6 :0 , 1 8 :0 , 18 :1  a n d  1 8 :2  a ll o b ta in e d  fro m  
A l l t e c h .
3 . 2 .5  Im m u n o lo g ic a l c h a ra c te r iz a t io n
A n t is e ra  w e re  ra is e d  a g a in s t  s e le c te d  s p iro c h a e te  is o la te s  as d e ­
s c r ib e d  in  A p p e n d ic e s  C (1 )a n d  C ( 2 ) ,  a n d  p u r i f ie d  u s in g  th e  r iv a n o l 
m e th o d  (A p p e n d ix  C ( 3 ) ) .  T o  d e te c t  a n t ig e n ic  d i f fe re n c e s  o f  th e  
v a r io u s  is o la te s ,  an a g g lu t in a t io i  t e s t  a n d  a d is c - g r o w th  in h ib i t io n  
te s t  w e re  u s e d .
A g g lu t in a t io n
N o rm a l a n d  im m une  a n t is e ra  w e re  d i lu te d  te n  f o ld ,  a n d  t h e r e a f te r  a 
tw o  fo ld  d i lu t io n  s e r ie s  m ade u s in g  p h y s io lo g ic a l s a lin e  as th e  
d i lu e n t .  S p iro c h a e te  is o la te s  w e re  h a rv e s te d  f ro m  m a in te n a n c e  m e­
d iu m  p la te s ,  a n d  a f te r  w a s h in g  in  s a l in e ,  t h e i r  c o n c e n tra t io n  a d ­
ju s te d  to  5 x 10* o r g a n is m s /m l u s in g  a N e u b a u e r  cou :. .m g  c h a m b e r. 
A n  e q u a l vo lu m e  o f  a n t ig e n  was a d d e d  to  each a n t is e ru m  d i lu t io n ,  
m ix e d  a n d  in c u b o te d  a t 3 7 °C  f o r  2 h o u rs ,  fo llo w e d  b y  4 °C  f o r  1 
h o u r .  T h e  tu b e s  w e re  th e n  e xa m in e  j f o r  a g g lu t in a t io n  u s in g  a 10X 
h a n d  le n s  a n d  c o m p a re d  w ith  c o n t r o l tu b e s  c o n ta in in g  th e  a n t ig e n
d i lu t e d  w ith  s a l in e .  T h e  e n d  p o in t  w as c o n s id e re d  as be  a g  th a t  
d i lu t io n  a t w h ic h  no a g g lu t in a t io n  o f  th e  b a c te r ia  o c c u r r e d .
Disc growth inhibition test
S te r i le  f i l t e r  p a p e r  d is c s  o f  5mm in  d ia m e te r  w e re  im p re g n a te d  w ith  
each  a n t is e ru m  a n d  p la c e d  o n to  th e  a g a r  s u r fa c e  o f  R G C A  m a in te ­
n a n c e  m ed iu m  p la te s  w h ic h  h a d  be e n  in o c u la te d  w i th  0 . 1 m l o f  
s p iro c h a e te  s u s p e n s io n  c o n ta in in g  5 X  10* o r g a n is m s /m l.  A f t e r  in ­
c u b a t io n ,  p la te s  w e re  o b s e rv e d  f o r  zone s o f  in h ib i t io n  a ro u n d  d is c s .
R E S U L T S :
3.3 .1  Isolation of rat intestinal spirochaetes
D e s p ite  th e  o c c a s io n a l o b s e rv a t io n  o f  s p iro c h a e te s  in  a re a s  o f  th e  
G IT  p ro x im a l to  th e  la rg e  in te s t in e ,  th e s e  b a c te r ia  w e re  n e v e r  c u l ­
t u r e d  fro m  th e s e  s ite s ,  a n d  a f te r  f o u r  a t te m p ts ,  th e  s to m a c h , 
d u o d e n u m  an d  ile u m  w e re  d is c a rd e d  as p o te n t ia l s o u rc e s  o f  
s p iro c h a e te s .  H o w e v e r ,  s p iro c h a e te s  c o u ld  be  r o u t in e ly  is o la te d  
f ro m  b o th  th e  lu m en a n d  e p ith e lia l t is s u e  o f  th e  caecum  a n d  p ro x im a l 
c o lo n .
F o u r  m o rp h o lo g ic a lly  d is t in c t  s p iro c h a e te s  w e re  a x e n ic a l ly  c u l tu r e d  
in vitro. A l th o u c  1 th e s e  w e re  d is t in g u is h a b le  a t th e  l i g h t  m ic r o ­
sco p e  le v e l ( F ig .  45 ) t h e y  w e re  m ore  re a d i ly  d i f f e r e n t ia t e d  w i th  th e  
e le c tro n  m ic ro s c o p e , w h e re  s iz e  a n d  n u m b e r  o f  p e r ip la s m ic  f ib r i l s  
w e re  th e  m a in  d i f f e r e n t ia t in g  c r i t e r ia  ( F ig s .  4 6 -4 9 ) .  Is o la te s  th a t  
w e re  a x e n ic a lly  c u l t iv a te d  a n d  c h a r a c te r iz e d  a re  lis te d  in  T a b le  4 
to g e th e r  w i th  th e  a n a to m ic a l s ite  fro m  w h ic h  th e y  w e re  o b ta in e d  a n d  
t h e i r  g e n e ra l m o rp h o lo g y .  O th e r  is o la te s  w h ic h  w e re  n o t  o b ta in e d
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in  p u re  c u l tu r e  o r  w e re  lo s t b e fo re  th e y  c o u ld  be  f u r t h e r  c h a ra c ­
te r iz e d ,  a re  no t l is te d  in t h is  ta b le .
O f th e  s e le c tiv e  m e th o d s  e m p lo ye d  fo r  is o fa trn g  s p iro c h a e te s ,  th e  
“ w e ll m e th o d  was c o n s is te n t ly  fo u n d  to  be th e  b e s t ,  y ie ld in g  
s p i ro c h a e te  c u l tu r e s  r e la t iv e ly  f re e  fro m  c o n ta m in a tin g  b a c te r ia . 
T h e  “ f i l t e r  m e th o d " was n o t s a t is fa c to r y , in  th a t  h e a v ily  co n ta m ­
in a te d  c u l tu r e s  w e re  o b ta in e d . E x p e r ie n c e  show ed  th a t  a x e n ic  
s p iro c h a e te  c u l tu r e s  w e re  r a r e ly  o b ta in e d  fro m  b a d ly  c o n ta m in a te d  
p r im a r y  c u l tu r e s .  C o n ta m in a tio n  o f p la te s  w i th  m ig ra to ry  
Clor-tridium spec ies  was a lso  p ro b le m a tic a l a n d  th e  fa s te r  g ro w th  ra te  
o f t i e  c o n ta m in a n t m ean t th a t  s p iro c h a e te  c u l tu r e s  w e re  se ldom  o b ­
ta in e d  o n ce  c o n ta m in a te d  w ith  th e s e  c lo s t r id ia .  In  some in s ta n c e s , 
e x tre m e  d i f f i c u l t y  was e x p e r ie n c e d  in  o b ta in in g  s p iro c h a e te  r u l t u r e s  
f re e  fro m  a g ra m -p o s it iv e ,  f a c u lta t iv e  c o c c u s . N e g a tiv e  s ta in in g  o f 
th e s e  c u ltu r e s  re v e a le d  an in tim a te  a s s o c ia tio n  b e tw e e n  th e  coccus  
an d  th e  s p iro c h a e te ,  th e re b y  e x p la in in g  w h y  s e le c tio n  m e th o d s  w h ic h  
c o n t in u o u s ly  se le c te d  fo r  h ig h ly  m o tile  b a c te r ia  fa ile d  to  e lim in a te  






Fig 45 M odified Gram stains of the fo ur ty p e * of sp irochaete* isolated  
m p u r r  cu ltu re  from the rat G i f  A sp irochaete* with 7 V  7 o r 8 -1 6 -8  
penplasm ic f ib r il arrangem ent (iso late G40) 1 he la rge su e  and ta p e r td
end* are ev id e nt B, S p .rochaete* (iso late G 13) w ith  2 -4 -2  penp la*m ic  
f ib r il arrangem ent Many of the bacteria have rounded up to form coccoid  
bodies C. Sp irochaete* (iso la te  G39I wdh 3 -6 -3  penplasm ic f ib r i l  a r ­
rangem ent Many dense coccu.u oodies are p -esen t D; Spirochaetes 
(iso lu te 125) w ith  1 2 1 perip la im u  f ib r il arrangem ent The small size 
in comparison w ith  the o ther s p u -c h a e te  types n  ev id e nt Sp irochaete  
granules can also be seen m this cu ltu re  (B a r-lO u m )
T a b le  4 S p ir o c h * * U  i t r e i m  n o i^ U d  m  vttro in  iw e n k  c i l t u r e :  o r ig in a l 
is o la t io n  s i te ,  a n d  g ro s s  m o rp h o lo g y  o f  each is o la te
, « L t . is o la t io n  s ite s u e  {um )
i . o . a t . . » „ h n u m e ro u s  p e n p la s m ie  f la g e lla e  ( ! ype A i
02 9 caecum  lum en 7 .3 - 1 0 .5  x 0 .4 2 -0 .S 3
E9 -ae cum  e p ith e liu m 6 5 -  9 .2  » 0  38 -0  51
G11 caecum  lum en 5 8 -1 0  4 x 0  4 2 -0 .5 3
G18 caecum  lum en 7 6-11 2 ■ 0 .4 4 -0 .5 4
0 4 0 co lo n  lum en 5 .2  10 .3  x 0 4 2 -0  52
G67 caecum  e p ith e liu m 7 9 - 1 , 5  x 0 4 1 -0 .5 0
J22 caecum  ep ithe lium . 8 .3 -1 0  4 m 0 4 0 -0  50
J25 cae cum  e p ith e liu m 8 .5 - 1 1 -3  *  0 3 8 -0  49
J28 caecum  lum en 8 .6 -1 0  8 x 0 39 0 .5 0
P IS c o lo n  lum en 8 5 -1 1 .0  x 0 .3 8 -0 .4 9
P28 c o lo n  e p ith e liu m 8 . 8 - 1 1 4  ,  0  38 v  45
T ) cae cum  e p ith e liu m 8 6 -1 0 -1, x r  0 49
T9 c o lo n  lum en 8 .5 - 1 1 .5
T15 co lo n  lum en 8 .0 -1 0  5
T18 cae cum  lum en 8 . 5 - 1 , 5  „
T23 cae cum  lum en 8 4 -1 1 .1  x 0 - i :  j  50
w ith  3 - 6 -3  p e n p la e m ic  f la g e l la a r ra n g e m e n t ( Typ, C)
C IS caecum  lum en 4 . 2 - 9 . 8  x 0 3 „  0 .3 5
03 9 co lo n  lum en 4 . 0 - 8 . 5  x 0 .3 0 -0  36
J3 co lo n  lum en 4 .0 - 8 .4  x 0 .3 2 -0  35
L21 c o lo n  e p ith e liu m 4 . 2 - 8 . 6  ■ 0 .3 4 -0 .3 6
0 3 co lo n  e p ith e liu m 4 .0 - 8  6  *  0  3 1 -0 .3 5
M32 caecum  e p ith e liu m 4 0 -8  5 *  0 .3 2 -0 .3 6
w,!h 2 - 4 -2  p e n p la s m ie  f ta g e lla  a r ra n g e m e n t ( T y p e  B )
£7 caecum  lum en 5 .0 - 7  3 x 0  2 8 -0 .3 3
03 3 c o lo n  lum en 6 .0 - 8 .2  x 0 3 0 -0  35
J9 co lo n  e p ith e liu m 4 .8 - 7  2 x 0 .3 1 -0  35
M9 co lo n  e p ith e liu m 4 5 -7  0 t  0 3 1 -0  35
. . o l a t . . * „h 1 -2 -1  p e n p ld s m ic  H a g e lla  a r ra n g e m e n t I T y p e  D)






F iy  49 N e g a tiv e  i ta in in g  n< s p iro c h a e te  ( is o la te  F'25) w ith  1 
p e n p la s m ic  f i b r i l  a rra n g e m e n t The o u te r  sheath  (O S ), in s e rt io n  
( ID ) and pe np lasm 'C  f ib r i l s  (P F I a re  c le a r ly  v is ib le  d a r -( )  5um
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S p i r o c h ? e t e  g r o w t h  o  ' e  . isu .  ' r e d  as a f in e  haze s p r e a d i n g  o v e r  
t h e  a g a r  -.u r fa c e .  I ^ , "n«ry c u l t u r e s , xhis haze e x t e n d e d  a b o u t
3cm f ro m  t h e  we ll  in t h e  a g a r ,  ' u l t u r e s  is o la te d  f ro m  t h e  p e r i p h e r y  
o f  t h e  haze  w e re  less c o n ta m in a te d  t h a n  th o s e  i so la ted  c lo s e r  to  t h e  
p o i n t  o f  i n o c u la t i o n .  G ram  s ta in s  of  c u l t u r e s  f ro m  th e s e  t w o  s ites  
s u g g e s te d  t h a t  s im i la r  s p i r o c h a e t e  p o p u la t io n s  w e re  p r e s e n t  in  b o th  
a reas o f  t h e  p la te .  On p r i m a r y  is o la tio n , tw o  m o r p h o lo g ic a l l y  d i s ­
t i n c t  s p i r o c h a e t e  p o p u la t io n s  w e re  f r e q u e n t l y  c o - i s o la t e d ,  b u t  w i th  
repea ted  s u b c u i t u r m g ,  a p u r e  c u l t u r e  o f  e ith e r  one  o f  t h e  tw o  
s p iro ch ae te  ty p e s  (u s u a lly  th e  la' ie  m u lt i f ib n l la r  s p iro c h a e te ) could  
be o b t a in e d .
Of  t h e  media u se d ,  m o d i f ie d  RGCA and E m ediu m  w e re  e x t e n s i v e l y  
used  s in ce  th e s e  su p p o rte d  t h e  g r o w t h  o f  al l  f o u r  m o rp h o lo g ic a l  
t y p e s  o f  t reponernes  iso la ted  T h e  o t h e r  media app eared  t o  be more  
s p e c i f i c  in the t y p e s  o f  sp irochaetes w h ic h  t h e y  g r e w .  I n c u b a t io n  
u n d e r m icro aerophtlic  conditions fa ile d  to  g row  any tre p o n em as , #1- 
t h c u g h  p u re  c u ltu re s  o f  C ^ r ' p y  ! o b a c t e r  spec ies  c o u ld  be i s o la te d  u s ­
in g  t h e  se lective  p ro ce d u res  em ployed f o r  s p iro c h a e te s , I n c lu s io n  
o f  p o l y y a l a c t u r o m c  ac id  as t h e  o n l y  c a r b o n  source in RG CA medium
F ig  'XS L<- ' '  drru n i t  UK) cjr ai 
S p iro c h a e te ! m c j l tu re  R *i
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a ls o  fa ile d  to  s u p p o r t  s p iro c h a e te  g r o w th  a n d  was d is c o n t in u e d  a f te r  
tw o  a t te m p ts .  T h e  a n t ib io t ic s  r i fa m p ic in  a n d  p o ly m y x in  B w e re  
c o n s is te n t ly  fo u n d  to  be  th e  m o s t u s e fu l in  in h ib i t in g  c o n ta m in a t in g  
b a c te r ia  w i th o u t  a f fe c t in g  s p iro c h a e te  g r o w th  a n d  w e re  e x te n s iv e ly
u.^ed. S p e c tin o m y c in  w as o f  lim ite d  u s e fu ln e s s  in  p r im a r y  is o la t io n s ,  
s in c e  som e s p iro c h a e te  is o la te s  w e re  in h ib i te d  b y  i t  a n d  th e  g ro w th  
ra te  o f  o th e r s  was r e d u c e d ,  n e v e r th e le s s ,  i t  was o c c a s io n a lly  u s e fu l 
f o r  e l im in a t in g  c o n ta m i i t in g  b a c te r ia  r e s is ta n t  to  th e  o th e r  a n t ib i ­
o t ic s .  N a la d ix ic  a c id  w as n o t u se d  s in c e  a ll s p iro c h a e te  is o la te s  w e re  
s e n s it iv e  to  i t .
S p iro c h a e te  c u l tu r e s  w e re  r o u t in e ly  m a in ta in e d  on m a in te n a n c e  m e­
d iu m  s la n ts  a t  11°C  a lth o u g h  s u b c u lt u r in g  e v e r y  6 - 8  w e e ks  was e s ­
s e n t ia l.  C u ltu re s  c o u ld  a lso  b e  m a in ta in e d  a t -7 0 °C  f o r  p e r io d s  o f  
u p  to  3 m o n th s .  L y o p h i l iz a t io n , w as n o t a s a t is fa c to r y  m e th o d  f o r  
s to ra g e ,  as c u l tu r e s  c o u ld  o n ly  be  r e c o n s t itu te d  f o r  1 w e e k  a f te r  
b e in g  f r e e z e -d r ie d .
G ro w th  R e q u ire m e n ts
A l th o u g h  th e  m u l t i f ib r i l la r  s p iro c h a e te  is o la te s  w o u ld  g ro w  f o r  o n e  
s u b c u ltu r e  on R G CA p la te s  c o n ta in in g  n e i th e r  rum e n  f lu i d  n o r  s e ­
ru m , th e y  w a re  c le a r ly  g ro w in g  u n d e r  s t re s s  c o n d it io n s  as in d ic a te d  
b y  t h e i r  m o rp h o lo g y ,  w h ic h  w as lo n g  a n d  f i la m e n to u s .  U p on  s u b ­
c u l tu r e  o n to  s im ila r  m e d iu m , th e y  failed to  g r o w .  A l l  is o la te s  h a d  
an o b l ig a te  se ru m  re q u ire m e n t .  H a em in , c o c a rb o x y ia s e  a n d  v ita m in  
K w e re  n o t  e s s e n tia l c o - fa c to r s  f o r  a n y  o f  th e  s p iro c h a e te  
m o rp h o ty p e s .  F U o b it ,  sh e e p , b o v in e  a n d  hum an b lo o d  a ll s u p p o r te d  
s p iro c h a e te  g ro w th  e q u a lly  w e ll,  a lth o u g h  h o rs e  b lo o d  re d u c e d  th e  
g r o w th  ra te  o f  th e  b a c te r ia .
T a b  hi 5 . E ffe c t o f va rio u s  m odifications to  basic Lem ck# liq u id  
g ro w th  medium (n o t supplem ented  w ith  0 .5 1  yeas t e x t ra c t)  on g ro w th  o f 
isolate D 29.






* 0 J% yeas t e x tra c t
• vitam in  solution
* vo la tile  fa t ty  acid m ixtu  
n itro g en  gas phase
" cocarboxylase * vitam in  
sta nd ing  v e rt ic a lly  
incubated  at 42eC 
incubated  at 30®C 
incubated  at 25°C
num ber of d ay s fo r  c u ltu re  tw 








no grow th  
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T h e  a n a ly s is  o f  g r o w th  re q u ire m e n ts  o f is o la te  D29 in  l iq u id  m ed iu m  
(T a b le  5 ) ,  a lso  in d ic a te d  a se ru m  r e q u ire m e n t ,  w i th  FCS a n d  r a b b i t  
s r  urn b e in g  s u p e r io r  to  h o rs e  s e ru m  f o r  s u p p o r t in g  g ro w th .  
V ita m in  s o lu t io n  a n d  y e a s t e x t r a c t  a lso  in c re a s e d  th e  g r o w th  ra te  
o f  th e  o rg a n is m , w h ile  th e  a d d it io n  o f  v o la t i le  f a t t y  a c id s  a p p e a re d  
to  in h ib i t  g r o w th ,  b u t  t h is  m ay h a ve  bee n  d u e  to  a lo w e r in g  o f  th e  
pH  o f  th e  m e d iu m . T h e  im p o r ta n c e  o f  in c u b a t in g  th e  c u l tu r e s  in  a 
s la n te d  p o s it io n  was a lso  m ade a p p a re n t  in  t h is  s tu d y ,  a n d  a lth o u g h  
th e  re a so n  f o r  t h is  was in v e s t ig a te d ,  no  e x p la n a t io n  can be  m ade. 
A lth o u g h  a s t r i c t  a n a e ro b e , th e  c o m p o s itio n  o f  th e  gas p h a se  f o r  
0 2 9  w as n o t im p o r ta n t .  T h e  s p iro c h a e te  g re w  a t  3 7 -4 2 ^ C , b u t  n o t 
a t te m p e ra tu re s  o f 3 0 °C  an d  b e lo w .
G ro w th  C u rv e
S p iro c h a e te s  in  l iq u id  c u l tu r e  d is p la y e d  a t y p ic a l  lo g a r ith m ic  g r o w th  
c u r v e ,  w ith  a g e n e ra t io n  t im e  o f 19 .07  h o u rs  ( F ig .  5 1 ) .  A common 
fe a tu re  of a ll th e  s p iro c h a e te  c u l tu r e s  w as th a t  as th e y  a g e d , ro u n d  
i r r e g u la r  b o d ie s  o r  g ra n u le s  w e re  p ro d u c e d .  N e g a tiv e  s ta in in g  o f
1 2 0
th e  c u l tu r e  a t  various stages o f th e  g ro w th  c u r v e  re v e a le d  v a r ia t io n s  
in  s p iro c h a e te  m o rp h o lo g y ,  w h ic h  a re  su m m a rize d  in  T a b le  6 . an d  
a re  i l lu s t r a te d  in  F ig . 52. F rom  n e g a tiv e  s ta in in g  i t  a p p e a re d  as 
i f  tw o  d is t in c t  ty p e s  o f g ra n u le s  w e re  fo rm e d ; th e  f i r s t  b e in g  a 
ro l le d - u p  fo rm  o f th e  b a c te r iu m  ( F ig .  52A an d  M) a n d  th e  o th e r  a 
d e g e n e ra t iv e  fo rm  c o m p r is in g  o f  w h a t  a p p e a re d  to  be  s h e a th  com ­
p o n e n ts  to g e th e r  w i th  p e r ip ia s m ic  f ib r i l s  (F ig .  52 G an d  H ) .  S tu d ie s  
u n d e r ta k e n  to  d e te rm in e  w h e th e r  th e s e  g ra n u le s  c o u ld  be  r e p r o ­
d u c t iv e  fo rm s  s u g g e s te d  th a t  th e y  w e re  n o t ,  s in c e  3 m o n th  o ld
1 2 1
' '  < r  ' '
m i -
ig  52 W trp h i. lu y v  (l24
A i j g  phase *p iro<  h ^ f I f  K rth  <
B Log nh#*m .).» t '.n r,\
C L oy  m * : « '  (ipvviy r i i v u l f d
r ) a nd  (. L ('Kj ■ip.’ i - i ' - Acu
4:%fx , t; h,
t lo g  M l# * * .  IP  r .v h j f t f k  k ."Pd
G n  St ;.1.i r, T  .
#T a b le  6 . M o rp h o lo g ic a l c h a r a c te r is t ic s  o f  m u l t i f ib r fK a r  s p iro c h a e te  ( is o ia te  D29> a t  v a r ro u *  s ta ge s  of th e  
g ro w th  c u r v e
d a ys  a f te r  
in o c u la tio n g ro w th  c u rv e
le n g th
(pm )
s p iro c h a e te
m o ti l i ty
c h a r a c te r is t ic  a p p e a ra n ce
3 en d  la g  phase 5-1 0 s l ig h t  m o t i l i t y ,  
occa s ion a l f le x 'n g
s p iro c h a e te s  m u n g ie  u n i ts ,  h e lix  o f te n  te rm in ­
a t in g  in  a s p h e re  ( F ig .  5 1 A ).
6 m id  lo g  phase 10-20 h ig h ly  m o tile fe w  s p iro c h a e te s  w ith  s p h e re  a tta c h e d  to  h e l ix ,  
b in a r y  f is s io n  e v id e n t ( F ig .  5 1 B .C ) ,  s p iro c h a e te s  
asso c ia te d  to g e th e r  fo rm in g  k n o ts  o r  p la ite s  
( F ,g . 5 1 0 .E .F I
7 m id  lo g  phase 5 -2 0 h ig h ly  m o tile lo n g  an d  s h o r t  s p iro c h a e te s  p re s e n t (p le o m c rp h is m )
9 s ta t io n a r y  phase 10-20 s lu g g is h s p h e re s  a tta c h e d  to  30% o f  o rg a n ism s  ( F ig .  5 1 G ,H )
11 d e a th  ph a se 10-20 a lm ost n o n -m o tile s p iro c h a e te s  asso c ia te d  in  la rg e  a g g re g a te s  
c o m p ris in g  o f s p ira l fo rm s  an d  s p h e re s  ( F ig ,  51 1 .J )
13 d e a th  phase s p iro c h a e te s  loose h e lic a l c o n f ig u r a t io n  fo rm in g  
lo n g  f le k u o u s  ro d s , s p h e re s  d is s o c ia te  f ro m  a g g re g ­
a tes  fo rm in g  n u m erou s  sm all bo d ie s  ( F ig .  S IK .L .M )
c u l tu r e s  w h ic h  w e re  com posed  e n t i r e ly  o f  g r a n u le s ,  fa ile d  to  g ro w  
w h e n  in t ro d u c e d  in to  f re s h  m e d iu m , a lth o u g h  m o n th  o ld  c u l tu r e s  
oc a s io n a lly  produced  a v ia b le  c u l tu r e .  I f  th e  g r a n u la r  forms w e re  
r e p r o d u c t iv e  u n its  o f  th e  o rg a n is m , a ll c u l tu r e s  s h o u ld  h a ve  g ro w n .  
F u r th e rm o re ,  th e  lo n g  in c u b a t io n  p e r io d  ( u p  to  30 d a y s ) ,  b e fo re  
t u r b id i t y  o f  th e  m ed iu m  becam e a p p a re n t ,  s t r o n g ly  s u g g e s ts  t h a t  
g r o w th  a ro s e  fro m  fe w  v ia b le  fo rm s . P hase c o n t r a s t  m ic ro s c o p y  o f  
in o c u la  u sed  fro m  m o n th  o ld  c u l tu r e s ,  re v e a le d  th e  p re s e n c e  o f  fe w  
h e lic a l b a c te r ia  (< 0 . 0 1 %) w h ic h  c o u ld  h a v e  been re s p o n s ib le  f o r  th e  
g r o w th  o c c u r r in g  in  th e s e  c u l tu r e s .
3 . 3 .2  B io c h e m ic a l c h a ra c te r iz a t io n
A ll is o la te s  fa ile d  to  g ro w  on m o d if ie d  R G CA p la te s  c o n ta in in g  1% 
g ly c in e ,  5% NaCI o r  2% o x g a ll.  L itm u s  m ilk  a n d  R o b e r ts o n s  co o ke d  
m eat m ed ium  a lso  fa ile d  to  s u p p o r t  t h e i r  g r o w th ,  an d  t h e i r  re a c t io n s  
in  th e s e  m ilie a u x  c o u ld  n o t be d e te rm in e d .  B io c h e m ic a lly ,
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s p iro c h a e te  is o la te s  w e re  a ll n e g a t iv e  f o r  o x id a s e ,  c a ta la s e , u re a s e , 
i 'd o le  p r o d u c t io n ,  H ,S  p r o d u c t io n ,  n i t r a t e  re d u c t io n  an d  s ta rc h  
h y d r o ly s is .  S t r a in  D 2 9 , th e  o n ly  is o la te  te s te d  f o r  d e c a rb o x y la s e  
a c t iv i t y ,  w as a ls o  n e g a tiv e  f o r  t h is  c h a r a c te r is t ic .  A l l  is o la te s  w e re  
p o s i t iv e  f o r  a e s c u lin  h y d r o ly s is ,  w e ak  h a e m o ly s is  o f  b o v in e ,  r a b b i t  
a n d  hum an  b lo o d ,  a n d  g e la t in e  h y d r o ly s is  (w e a k  r e a c t io n ) .  M u c in  
d ig e s t io n  u s in g  th e  C c C I,  p r e c ip ita t io n  te s t  w as a lso  w e a k ly  p o s i t iv e .  
T h e  b io c h e m ic a l p r c , ; ; es o f  th e  m u l t i f i b r i l l a r  s p iro c h a e te  is o la te  T9 
is p re s e n te d  in  T a b le  7 , t o g e th e r  w i th  th e  re a c t io n s  o b ta in e d  f o r  
'**. hyodysenteri&e a n d  T. innocens
T h e  ra n g e  o f fe rm e n ta b le  c a r b o h y d ra te s  w as o n ly  d e te rm in e d  f o r  th e  
m u l t i f ib r i i la r  is o la te s .  In o s ito l ,  x y lo s e ,  la c to s e , m annose  a n d  in u lin  
e x h ib i t e d  w e ak  p o s i t iv e  re a c t io n s  w h ile  o th e r  s u g a rs  w e re  n o t 
fe rm e n te d .  T h a t  g lu c o s e  is  n o t fe rm e n te d ,  is  a lso  in fe r r e d  f ro m  th e  
f in d in g  th a t  is o la te  D29 p ro d u c e s  th e  same m e ta b o lic  e n d -p r o d u c ts  
w h e n  g ro w n  in  th e  p re s e n c e  o r  a b se n ce  o f g lu c o s e .  A ll m u l t i f ib r i i la r  
is o la te s  p ro d u c e d  m a jo r a m o u n ts  o f  a c e t ic  a c id  an d  t ra c e  a m o u n ts  o f 
b u t y r ic  a c id  as m e ta b o lic  e n d  p r o d u c ts  ( F ig .  5 3 ) .  T h e  g r o w th  m e­
d iu m  in t r in s ic a l ly  c o n ta in e d  sm all a m o u n ts  o f  a c e t ic  a n d  p r o p r io n ic  
a c id s  ( F ig .  53 ) a n d  th e  a d d it io n  o f  r i fa m p ic in ,  in t r o d u c e d  a lco h o l 
in to  th e  m e d iu m .
T h e  y e llo w  p ig m e n t p ro d u c e d  b y  m u l t i f i b r i i l a r  s p iro c h a e te  is o la te s  
w h e n  g ro w n  on  m o d if ie d  R G C A c o n ts  ru n g  10% h o rs e  blood was
id e n t i f ie d  as b e in g  a c a ro te n o id  on th e  b a s is  th a t  i t  w as:
a r e a d i ly  s o lu b le  in  c h lo ro fo r m ,  w e a k ly  s o lu b le  h. a ce to n e  and
in s o lu b le  in  a lco h o l a n d  w a te r ,
o re a c te d  w i th  io d in e  to  fo rm  a re d  c o lo u r ,
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T a b )*  7 . Biochem ical p ro file s  o f tp lr o c n w t *  T 9  iso lated  from  ra t  caecum,
T. innoctns (A T C C  29796) and  T. iro d p s e o ra r ia e  (A T C C  2 7 )6 4 ).
B io che m ica l
te s t
T. tnaocmoM 
(A T C C  29796)
T. hyodysentaiia* 
( A 1 T C  27164)
c a ta la s *
s u g a r  fe rm e n ta t io n
a ra b m o s e
ee lio b io se
d u ic ito i
f ru c to s e
g a la c to s e v»
g lu c o s e
g ly c o g e n
g ly c e ro l
in o s ito l
in u lm
la c to se
m alto se
m a n n ito l
m annose
m e iib io se
r a ffm o s e
rhamnoi*
s o rb ito l
so rb o se
s ta rc h  (p H )
H ,S  p ro d u c t io n
ird o la  p ro d u c t io n  
a e scu h i. h y d r o ly s is
g e la t in  d ig e s t io n
n i t r a te  re d u c t io n
m uc in  (C a C I,) N T NT
S ta rch  h y d r o ly s is  
B h a em o lys is
1% b i le  g ro w th
5% N aC I g ro w th N T N T
1% g ly c in e  g ro w th
d e c a rb o x y la s e N T NT
( ly s in e ,  o r n it h in e  
a ro m in e )
N H , p ro d u c t io n
’ id e n t ic a l re a c tio n s  fo r  iso la te s  0 2 9 . G18, G 40. G 67, J22 , P IS , P28,
7 ), T15, T18, T23.
• p o s it iv e  fo r  is o la te  T 9 , n e g a tiv e  to r  o th e r  is o la te s , 
s tro n g  re a c tio n  m is o la te  G40 
a b b re v ia t io n s . * . p o s it iv e  fo r  re a c t io n ; n e g a tiv e  fo r  re a c tio n , w . w eak 
p o s it iv e  re a c t io n , N T , n o t te s te d
1 2 5
F ig  53 M -n ab oh r e n d -p ro d u c ts  p ro d u c e d  b y  is o la te  029 c r o w in g  in 
L e n x k e  h q u td  g ro w th  m ed ium , b o th  m th e  p -e te r .c e  and a b sen ce  of 
g lu c o s e  T o p  c o n tro l m ed ium , in o c u la te d  b u t  n o t in c u b a te d . Bottom  
te s t m ed ium . Sym bo ls  A , a ce tic  a c id , p , p ro p n o m c  a c id , b ,  b u ty r ic  
a c id , a l, a lco h o l.
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n o n - f lu o re s c e n t  a t b o th  366nm  a n d  254nm ,
o had  a b s o rb a n c e  p e a k s  a t  4 4 5 -45 0nm  a n d  3 2 0 -33 0nm  w h e n  
c h lo ro fo rm  was u s e d  as a s o lv e n t ,
e d id  n o t  re a c t w i th  d i lu t e  a c id s ,  s t ro n g  a c id s  o r  a lk a l is .
A P I-Z Y M  c h a ra c te r iz a t io n  re v e a le d  t h a t  a l l tre p o n e m e  is o la te s  had  
th e  e n zym e s  a lk a lin e  p h o s p h a ta s e  (E C  3 . 1 . 3 . 1 ) ,  a c id  p h o s p h a ta s e  
(E C  3 . 1 . 3 . 2 ) ,  C4 e s te ra s e  (E C  3 . 1 . 1 . 8 ) a n d  0 g a la c to s id a s e  (E C  
3 . 2 .1 .2 3 ) .  T h e  m u l t i f ib r i l la r  is o la te s  a lso  h y d r o ly s e d  th e  lo n g e r  c h a in  
f a t t y  a c id  c a p r y la te  b u t  o n ly  w e e k ly  h y d ro ly s e d  th e  C14 ( m y r is ta te )  
f a t t y  a c id .  In  a d d it io n ,  m u l t i f ib r i l la r  is o la te s  had  s t ro n g  0 
g lu c o s id a s e  (E C  3 . 2 .1 .2 1 )  a c t iv i t y  b u t  ha d  no a c t iv i t y  f o r  th . t  m o re  
co m p le x  g ly c o s id a s e s . A to ta l la c k  o f  p r o te o ly t ic  an d  a m ino  a c id  
d e g ra d a tio n  a c t iv i t ie s  w as a ls o  e v id e n t  f o r  th e  m u l t i f ib r i l la r  
s p iro c h a e te s .  T h e  is o la te s  w i th  th e  3 - 6 - 3  p e r ip la s m ic  f i b r i l  a r ­
ra n g e m e n t h o w e v e r  w e re  d is t in g u is h a b le  b y  th e  p re s e n c e  o f  le u c in e  
a ry la m id a s e  and  p h o s p h o a m id a s e  a c t iv i t y  (E C  3 . 9 . 1 . 1 ) .  A  ta b le  
re c o r d in g  th e  e n z y m ic  a c t iv i t y  o f  each  o f  th e  te s te d  is o la te s ,  t o ­
g e th e r  w i th  th a t  o b ta in e d  f o r  7 . innocens T. hyodysinteriae is  p r e ­
s e n te d  in  T a b le  8 .
3 . 3 .3  D N A  c h a r a c te r iz a t io n
T h e  G *C  m ol r a t io  o f  th e  m u l t i f ib r i l la r  s p iro c h a e te  is o la te s  was
3 0 .7 -0 .5 %  ( n = 4 ) . D N A  e x t ra c te d  fro m  E. coli B (N C T C  9001) w h ic ' 
was u se d  as an in te r n a l c o n t r o l ,  had  a G *C m o! r a t io  o f 50.9% .
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#T a b le  6 . E nzym atic  a c t iv itie s  o f iso lated  treponem as as in d ic a ted  b y  th e  
A P I ZYM  te s t.
Tnpoamm*
l i
11 i i I ”
I I H!?!l ? 1
S tra in s  w ith  nu m e ro u s  p e n p ia s m ic  f ib r i l s
J 22 - 1 1 3 2
J25 - 1 4 2
J28 1* 4 3
P16 - 1 4 2
P28 - 1 4 2
T1 - V  3 3
T9 - 1 ' 3 3
T lu - 11 2 2
T18 V  4 3
T23 - - 2 1




ty p e  Trtponmm* c u ltu re s
' hyodysintmr 
A TC C  27164 
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1 n u m e rica l va lu e s  a s s ig n e d  to  each m ic ro tu b e  w hen com pared 
w ith  c o lo u r  in te n s ity  c h a r t .  - n e g a tiv e  re a c tio n . 1-5 re p re s e n ts  th e
n u m be r o f nm oles o f l ib e ra te d  s u b s tra te . 1 -  5 nm o les, 2 -  lO nm oies.
3 -  20 r m oles; 4 •• 3Qnmoles, 5 z H lnm oles.
* re a c tio n  v e ry  w eak and
o r  - , (a c o lo u r  re a c tio n  o b s e rv e d , 
c o lo u r in te n s ity  c h a r t ) .
:o u ld  be in te r p r e te d  as e ith e r  1 
b u t oi less m te n s itv  th a n  n u m b e r I o f
w JL . . Pi .
3 . 3 .4  L ip id  a n a ly s is
A p p ro x im a te ly  15% o f  th e  c e l lu la r  d r y  m ass o f  is o la te d  s p lro c h a e te s  
w a s  in  th e  fo rm  o f  e x t ra c ta b le  l ip id  m a te r ia l.  T h e  p o la r  l ip id  com ­
p o n e n t o f  th e  m u f t i f ib r i l la r  is o la te s  w as c o m p r is e d  o f  b o th  g iy c o f ip id s  
a n d  p h o s p h o lip id s .  A l th o u g h  n e u tr a l l ip id s ,  m a in ly  s te ro ls ,  w e ru  
p r o b a b ly  p re s e n t ;  n o n -p o la r  s o lv e n ts  w h ic h  w o u ld  s e p a ra te  th e s e  
w e re  n o t e m p lo y e d  in  th is  s tu d y .  N e u tra l l ip id s  w o u ld  h a ve  m ig ra te d  
w i th  b o th  th e  s o lv e n t  f r o n ts .  O f th e  p h o s p h o lip id s ,  s p o ts  w ith  
m o b ilit -e s  s im i la r  to  p h o s p h a t id y lg ly c e r o l (P G ) ,  p h o s p h a t id y ls e r in e  
(P S ) ,  c a r d io l ip in  (C )  an d  p h o s p h a t id y lc h o lin e  (P C )  w e re  id e n t i f ie d .  
P h o s p h a te  a n a ly s is  re v e a le d  t h a t  PG w as th e  p re d o m in a n t 
p h o s p h o lip id ,  m a k in g  u p  a lm o s t 40% o f  th e  l ip id  c o m p o n e n t. 
T w e n ty - tw o  % o f  th e  p h o s p h o lip id s  w e re  in  t h e  fo rm  o f  PS , 18% in  
th e  fo rm  o f  PC and  9% i r  th e  fo rm  o f  C . T h e  s p o t id e n t i f ie d  as PC , 
d id  n o t re a c t  w ith  io d in e  v a p o u r  a n d  w as v is ib le  o n ly  w h e n  p la te s  
w e re  s p ra y e d  w ith  rh o d a m in e  G6 . T h is  in d ic a te s  th a t  th e  f a t t y  a c id s  
in  t h is  p h o s p h o lip id ,  w e re  c o m p le te ly  s a tu r a te d .  T h e  o th e r  p o la r  
l ip id s  a ll s ta in e d  w i th  io d in e ,  as d id  a ll th e  s ta n d a rd  s o lu t io n s  u sed  
f o r  c o m p a r in g  m o b il it ie s .
A ls o  p re s e n t  in  th e  p o la r  l ip id  f ra c t io n  w e re  th re e  g ly c o lip id s ,  th e  
p re d o m in a n t  one b e in g  m o n o g a la c to s y ld ig ly c e r id e  (M G D G ), w h ile  th e  
o th e r s ,  w i ic h  e lu te d  w ith  th e  a c id ic  l ip id  f r a c t io n ,  w e re  m in o r  
co m p o n e n ts  an d  re m a in e d  u n id e n t i f ie d .  T h e se  l ip id s  w e re  o n ly  d e ­
te c te d  w h e n  la rg e  a m o u n ts  o f  l ip id  ( 2 5 0 y t ) w e re  s p o t te d  o n to  T L C  
p la te s .  A n a ly s is  o f  th e  s u g a r  c o m p o s itio n  o f  th e  to ta l c e l lu la r  l ip id ,  
re v e a le d  t h a t  g a la c to s e  was th e  o n ly  s u g a r  p r e s e n t ,  a lth o u g h  t ra c e  
a m o u n ts  o f  o th e r  s u g a r  c o m p o n e n ts  c o u ld  be  d e te c te d  ( F ig .  5 4 ).  
A n a ly s is  o f  s u g a r  m o ie tie s  in  th e  3 g lv c o lip id s  s e p a ra te d  b y  T L C , 
re v e a le d  th a t  b o th  MGDG a n d  one o f th e  u n id e n t if ie d  m in o r  g ly c o lip id  
co m p o n e n ts  c o n ta in e d  o n ly  g a la c to s e  ano m ers  ( F ig .  5 5 ) ;  w h e re a s  th e  
o th e r  u n id e n t if ie d  g ly c o l ip id  w as com p le x  a n d  c o n ta in e d  g a la c to s e
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u l y l  - d e n v e tu e d  s u g » r  m o ie tie s  tn  to ta l 
■ th re e p e a k *  w e re  id e n t i f ie d  as ga la c to se
B
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anom erw . A : p o s it io n  o f g lu c o s e  p e a k s , 8  p o s it io n  o f g a la c to se  pe a ks ; 
C : p o s it io n  o f ga lac to sam m e p * a * s .
a n d  g a la c to sa m m e  to g e th e r  w ith  t ra c e  a m o u n ts  o f g lu c o s e  ( F ig ,  5 5 ) .  
T h a t  t h is  com p le x  g ly c o l ip id  w as a m in o r  l ip id  c o n s t i t u e n t ,  is  em ­
p h a s iz e d  b y  th e  fa c t  t h a t  g a la c to sa m m e  w as o n ly  d e te c te d  in  t ra c e  
a m o u n ts  in  s u g a r  a n a ly s is  o f th e  to ta l l ip id  f r a c t io n . A n a ly s is  o f  
in d iv id u a l g ly c o iip id s  w as o n ly  p e r fo rm e d  on is o la te  P28, a lth o u g h  
is o la te s  P IG , P28, T 9  a n d  T18 w e re  a n a ly s e d  f o r  s u g a rs  p r e s e n t  in  
t h e i r  to ta l l ip id  f r a c t io n  and  in  a ll th e s e ,  g a la c to s e  w as th e  o n ly  
s u g a r  d e te c te d .
T h e  c e l lu la r  f a t t y  a c id  c o m p o s itio n  o f th e  v a r io u s  is o la te s  g ro w n  on 
T S B A  m a in te n a n c e  m ed iu m  s u p p le m e n te d  w ith  b o v in e  b lo o d  is r e ­
p re s e n te d  in  T a b le  9 , to g e th e r  w ith  th e  f a t t y  a c id  c o m p o s itio n  o f 
re fe re n c e  s t ra in s  o f  T. innacens an d  ?'. hyodysenteriae. A ty p ic a l 
p r o f i le  is p re s e n te d  m F ig .  56. T h e  p r o f i le  o b ta in e d  f ro m  th e  f re e  
f a t t y  a c id s  e lu te d  fro m  th e  DEAE c e llu lo s e  co lu m n  ( f r a c t io n  3 ) ,  
c o n s is te d  a lm ost e x c lu s iv e ly  o f 1 2 : 0  a lth o u g h  m in o r a m o u n ts  o f lo n g e r  
c h a in  f a t t y  ac ids  w e re  p re s e n t .  T h e  m a jo r f a t t y  a c id  co m p o n e n ts
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F ig . 55 G lC  c h ro m ito g r< m  o f s i l y 1 d e n v a t iz e d  s u g a rs  o f in d iv id u a l 
g ly c o l ip id i  o f n o la te  P28 to p  MGDG c o n ta in in g  o m y  g a la c to se , m id d le : 
u n id e n t i f ie d  g ly c o h p id  c o n ta in in g  o n ly  g a la c to se , b o tto m  u n id e n t i f ie d  
g ly c o l ip id  c o n ta in in g  tra c e  g lu c o s e  enom ers ( A ) ,  g a la c to se  anom ers ( B l ,  
an d  g a 'a c tosa m m e anom ers i € ) .
o f  to ta l c e l lu la r  l ip id  o f  th e  m u l t i f ib r i l la r  s p iro c h a e te  is o la te s  w e re  
C 1 6 :0  anr! C 1 8 : l w h ic h  to g e th e r  c o n t r ib u te d  70% o f  f a t t y  a c id s . 
O o d e cd n o ic  a v id  ( 1 2 :0 ) ,  1 4 :0 , 1 5 :0 , 1 7 :0  and  1 8 :0  an d  an u n id e n t i 
f ie d  f a t t y  a c id  b e lie v e d  to  be  a lk e n y l 74 :0  w e re  a lso  p r e s e n t ,  b u t  
in  s m a lle r  q u a n t i t ie s .  Q u a n t ita t iv e  f a t t y  a c id  d a ta  o b ta in e d  f o r  
is o la te s  w ith  3 -6 -3  a n d  2 -4 -2  p e r ip la s m ic  f i b r i l  a r ra n g e m e n ts  is  a lso  
p re s e n te d  in  T a b le  9 . T h e  is o la te s  M9 a n d  J 9 , b o th  o f  w h ic h  h a v e  
a 2 -4 -2  p e r ip la s m ic  f i b r i l  a r ra n g e m e n t ,  c o n ta in  s ig n i f ic a n t ly  la r g e r  
a m o u n ts  o f  th e  f a t t y  a c id  b e lie v e d  to  b e  a lk e n y l 15 :0  w h ile  th e  3 - 6 - 3  
p e r ip la s m ic  f i b r i l  is o la te s  a lso  h a ve  a d is t in c t  f a t t y  a c id  p r o f i le ,  an d
F ig . 56 G L C . f a t t y  i c i  
P28. A : 1 2 :0  n -d o d e c» n o  
a b ly  a lk e n y l 14 0 , C 
n -p e n te d « c a n o te  a c id , f
n -h e p ta d # c a n o ic  a c id ; G
o c ta d e ce .io ic  a c id .
%
id  p ro f ih  
• c (Im un,
le o f to ta l c e l lu la r  'ip id  e x t ra c te d  fo rm  
ic  a c id ) ,  B u n id e n t i f ie d  p e a k , p ro b -  
- te t ra d e c a n o ic  ( m y r ^ t ic )  a c id . D 15 0
Tsble s . F a tty  « td  composition o f m orpholog ica lly d is t in c t tp ircchaetos isolated from  the
F a tty  a c id  (% o f to ta l f a t t y  at: id ) a
Tr«pon»ms 10 0D 12 :0  a lk e n y f  a lk e n y l 
1 * 0  1 » 0
; 14 :0 15 0 16:0 17:0 T8 : 0 18 !
iso la te s  w ith  nu m erou s  p e n c la s m ic  f ib r i ls
P28 - 7 3 T 3 6 3 34 2 7 38
P16 - - - T 8 3 39 2 8 41
T18 - 4 2 T 8 1 39 1 6 38
iso la te s  w ith  3 -6 -3  p e n p la s m ie  f i b r i l  a rra n g e m e n t
.3  8 - 1 17 33 T 4 37
L21 6 - - T 14 29 S T 12 . 5 36
iso la te s  w ith  2 -4 -2  p e n p la s m ie  f i b r i l  a rra n g e m e n t
M9 '  9 3 37 1 5 43
j 8  2 5 - 10 7 35 T 5 40
ty p e  Trwfontm* c u ltu re s
f  h y a tty im n fr tam - 3 10 ’
( A T  TC 271641
r  "ir to cen s  3 2 3 









N um be rs  to  th e  le f t  o f »he co lon  r * f * r  to  th e  n u m b e r o f C atom s in  th e  c h a in ; n u m b e rt  to  th e  
r ig h t  r e fe r  to  th e  n u m b e r o f d o u b t*  bo nd s  12 0 . n -d o d e c a n o ic  « la u n c  a c id ; U .O , n - te t r e  
deceno;c  "  m y n s t ic  a c id , '5  0 , n -p e n ta d e c a n o ic  a c id . 16 :0 , n - i-e x a d e c a n o ic  a c id  » p a lm itic  a c id ; 
17 0 . n -h e o ta d e c a n o ic  a c id . 18 0 , n -o c ta d e c a n o ic  ■ s te a r ic  a c id ; 18 :1 , oc ta d e ce n o ic  a c id .
° y n io e n t i f ie d  p « e k , p ro b a b ly  10 0 d e can o ic  ac id  
T houoh  n o t p o s it iv e ly  id e n t i f ie d  b v  th e  use o f s ta n d a rd s , th e s e  pe a ks  a re  te n ta t iv e ly  q le s s if ie d  
as b e in g  a lk e n y l t a t t y  ac ids on th e  ba s is  o f re s u lts  o b ta in e d  fo r  T „ v a a v s * n f r ’4 f  and 
r  oaoceea an d  com p arison  0f  th e se  w ith  th o s e  o b ta in e d  b y  M a tth e w s  and K m y o n , 1984.




c o n ta in  la r g e r  a m o u n ts  o f 1 4 :0 . In  a ll c a s e : h o w e v e r , 1 6 :0  an d  18:1
w e re  th e  p re d o m in a n t  f a t t y  a c id s . j
3 . 3 .5  Im m u n o lo g ic a l c h a ra c te r iz e  vio n  I
A n t is e ra  ra is e d  a g a in s t  m o rp h o lo g ic a lly  d is t in c t  is o la te s  sh ow ed  a 
la c k  o f s p e c i f ic i t y  a n d  re a c te d  w ith  m any  h e te ro lo g o u ' is o la te s  in  
th e  a g g lu t .n a t io n  te s t  (T a b le  10) a lth o u g h  m ore  s p e c i f ic i t y  was d is ­
p la y e d  in  th e  d is c -g r o w th  in h ib i t io n  te s t  ( T a b le  1 1 ). T h e  t i t r e s  o f 
t h e  v a r io u s  a n t is e ra  a g a in s t  ho m o lo g o u s  a n t is e r : a re  p re s e n te d  in
Table 10. Agglutination of eptrocheete isoieUe using different entisera
N eet in a c t iv a te d  e n tie e ru m  (1 in  10 d i lu t io n )  ’
ipirochsste sehne norms I D29 CIS 039 003
isoletes with numerous penplesimc flsgells
029
G l8  • * •
0 4 0  . . . . . .
G67
PIS -
P28 . . .
r i
is o U te t w ith  3 6 -3  p e n p u .m tc  f ls g e l ls a r ra n g e m e n t
is o ls te  w ith  2 -4  2 p e r ip is s m ic  | i4 i ,,.i u ,1 au .it.ment
033
ty p e  Treponeee c u ltu re s
7 h y o > y s m n ta n * i
T  m -. jc .e s
* • ' .  .!-.1ic*te» > t run  q s g g lu t i i .s t iu n .  
s ijy lu t.i .s t ic n , * . w edk * y  g lu tm  st .on
* . n d u  ate* m oderate
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T e b le  11. D is c  g ro w th  In h ib it io n  te s t  o f  s o lro c h e e te  is o la te s  u s in g  d i f ­
fe r e n t  a n tis e ra
s p iro c h a e te  he a t in a c t iv a te d  se ru m  
is o la te  no rm a l D29 C IS  G39 G33
iso la te s  w ith  nu m e ro u s  p e r ip ia s m ic  f la g e lla
02 9  . . . .
0 6 7  . . . .
P16 . . . .
p :.s  . . . .
T1 . . . .
is o la te s  w ith  3 - 6 -3  p e r ip ia s m ic  f la g e l la  a r ra n g e m e n t
G15 . . . . .
G *  . . .
is o la te  w ith  2 -4 -2  p e r ip ia s m ic  f le g e i la  a r ra n g e m e n t
•
T y p e  fraptM ieaki c u ltu re s
7. byodystttfrimm
7. innor0ns . . . .
in d ic a te s  no in h ib it io n  o f g r o w th ;  ♦, in d ic a te s  
in h ib i t io n  o f g ro w th  no g ro w th  w ith in  5mm o f d is c .
T a b le  13 (A p p e n d ix  C { 5 ) ) .  F o r e s t im a t in g  c r o s s - r e a c t iv i t y  b e tw e e n  
is o la te s  u s in g  th e  a g g lu t in a t io n  t e s t ,  a 1 in  1 0  d i lu t io n  o f  th e  
a n t is e ra  w as u se d  (T a b le  1 0 ).
3 ,4  D IS C U S S IO N
U s in g  s e le c t iv e  is o la t io n  te c h n iq u e s ,  f o u r  m o rp h o lo g ic a lly  d is t in c t  
s p iro c h a e te s  w e re  is o la te d  fro m  th e  r a t  G IT  (F ig s .  4 6 -4 9 ) .  T h e s e  
te c h n iq u e s  h a ve  been e m p lo ye d  fo r  o b ta in in g  Spirochaetaies f ro m  
v a r io u s  e n v iro n m e n ts ,  a n d  a re  base d  p r im a r i ly  on th e  m o t i l i ty  
p ro p e r t ie s  o f m em bers o f t n : ', o r d e r  w h ic h  can n m ig ra te  th ro u g h
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3% a g a r ;  a c o n c e n tra t io n  t h a t  is  in h ib i t o r y  f o r  o th e r  p r o k a ry o te s .  
T h e  e x tre m e  d i f f i c u l t y  e x p e r ie n c e d  w i th  c o n ta m in a tio n  was th e re fo r e  
r a th e r  s u r p r is in g  a n d  e ve n  m o re  so w h e n  i t  w as re a lis e d  th a t  
n o n -m o t ile  co c c i w e re  th e  m ost o e r s is te n t  c o n ta m in a n ts .  T h e  
e le c tro n  m ic ro s c o p ic  o b s e rv a t io n s  o f  th e s e  b a c te r ia  in t im a te ly  a sso ­
c ia te d  w ith  th e  s p iro c h a e te s  ( F ig .  5 0 ) ,  le d  to  th e  h y p o th e s is  th a t  
th e  s p iro c h a e te s  w e re  th e m s e lv e s , a id in g  th e  p e r s is te n c e  o f  th e  
c o n ta m in a ts .  S im ila r  f in d in g s  h a v e  been re p o r te d  f o r  o ra l 
t re p o n e m e s  b y  S o c ra n s k y  @r al. (1 9 7 8 ) a n d  T o  et al. (1 9 7 8 b ), w h o , 
u s in g  in g e n e o u s  e x p e r im e n ts ,  s h o w e d  t h a t  s p iro c h a e ts s  can t r a n s ­
p o r t  o th e r  p ro k a r y o te s  b o th  in  l iq u id  an d  on a g a r  m e d iu m . S u ch  
t r a n s p o r ta t io n  w o u ld  b e  an o b v io u s  a d v a n ta g e  f o r  th o s e  s p iro c h a e te s  
w h ic h  h a v e  s y m b io t ic  re la t io n s h ip s  w i th  o th r  c te r ia ,  s u c h  as 7 . 
vincsntii a n d  T. denticola b o th  o f  w ,, r e q u ire  th ia m in e
p y ro p h o s p h a te  (T P P ) f o r  g r o w th  ( A u s t in  a n d  S m ib e r t ,  198 2 ).
S im ila r  t ra n s p o r ta t io n ,  m ay a lso  o c c u r  in vivo, s in c e  T o  e t  al.
(1 9 8 0 ) ,  h a v e  s h o w n  t h a t  ro d s  a n d  c o c c o id  b a c te r ia  r id e  on
s p iro c h a e te s  in  th e  h in d g u t  o f  th e  s o n o ra n  d e s e r t  t e rm ite  Pterotermes 
Occident is.
T h e  d i f f i c u l t y  e n c o u n te re d  w ith  p e r s is te n t  c o n ta m in a t io n ,  c o m b in e d  
w i th  th e  s lo w  g ro w th  ra te  o f  th e  s p iro c h a e te s ,  re s u lte d  in  m any 
is o la te s  n e v e r  b e in g  o b ta in e d  in  p u r e  c u l tu r e .  T h e  c o n ta m in a tio n  
p ro b le m  w as n o t  a id e d  b y  th e  g r o w th  c h a r a c te r is t ic s  o f  th e  
s p iro c h a e te s ,  w h ic h  u s u a lly  s p re a d  o v e r  th e  e n t ir e  p la te .  In  ptone&r 
w o rk  o f th e  c u l t iv a t io n  o f  o ra l tre p o n e m e s , s im ila r  p ro b le m s  w e re  
r e p o r te d ,
" I n a b i l i t y  to  o b ta in  t r u e  c o lo n ie s  o f  s p iro c h a e te s  is  p e rh a p s  
th e  m os t s e r io u s  o b s ta c le  to  th e  e f fe c t iv e  s tu d y  o f th e s e  
o rg a n is m s . T h e  c o n d it io n s  o f  t h e i r  s e p a ra t io n  f rc m  b a c te r ia  
an d  t h e i r  s u b s e q u e n t c u l t iv a t io n  a re  s u c h  th a t  t h e r e  can be
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1, 0  g u a ra n te e  o f  t r u e  p u r i t y ............... T h is  d i f f i c u l t y  is  c h a ra c ­
t e r i s t i c  o f  a ll c u l tu r e s  based  on N o g u c h i te c h n iq u e ,  b u t  as 
n o te d  p r e v io u s ly  no a d e q u a te  c i t e r n a t iv e  to  t h is  te c h n iq u e  is  
a v a i la b le . "  ( R o s e b u ry  et al., 1957).
O c c a s io n a lly ,  s p iro c h a e te  c u l tu r e s  w h ic h  h a d  been p a ss a g e d  a n u m ­
b e r  o f  tim e s  w o u ld  s p o ra d ic a lly  p ro d u c e  sm o o th , r o u n d ,  t r a n s lu c e n t  
m ic ro c o lo n ie s  o f  0 .5 m m  in  d ia m e te r .  T h e  fa c to r s  in d u c in g  t h is  fo rm  
o f  g ro w th  c o u ld  n o t  be  id e n t i f ie d .  In  an e f f o r t  to  r o u t in e ly  o b ta in  
c o lo n ia l g r o w th ,  v a r ia t io n s  to  th e  b a s ic  c u l tu r e  m e d ia , as w e ll as 
r o l i - t u b e  c u l tu r e  te c h n iq u e s  w e re  t r ie d ,  b u t  w i th o u t  su c c e s s . 
S m ib e r t  (1 981 ) in d ic a te d  t h a t  f o r  o ra l s p iro c h a e te s  " g e t t in g  c o lo n ie s  
o f  tre p o n e m e s  m ay be  d i f f i c u l t  an d  re q u ire s  p a t ie n c e ,"  an a t t r ib u te  
s e e m in g ly  la c k in g  in  t h is  a u th o r .  I f  th e  th e o r y  o f  C a n a le -P a ro la  
(1 9 7 8 ) , t h a t  s p iro c h a e te :  m e a n d e r a c ro s s  a g a r  p la te s  in  s e a rc h  o f  
l im it in g  g ro w th  fa c to r s  is  c o r re c t ,  th e n  p re s u m a b ly ,  id e n t i f ic a t io n  
o f  th e s e  fa c to r s  a n d  in c re a s in g  t h e i r  c o n c e n tra t io n  w o u ld  in d u c e  
co lo n  ai fo rm a t io n .  T h e  la c k  o f c o lo n y  p r o d u c t io n  is  p e rh a p s  in d ic ­
a t iv e  th a t  th e  o p t im a l fu l f i lm e n t  o f  n u t r i t i v e  r e q u ire m e n ts  has n o t 
been a c h ie v e d ,  a n d  th a t  th e  c u l tu r e s  a re  p ro b a b ly  n o t g r o w in g  a t 
t h e i r  m ax im um  r a te .
T h e  d i f f i c u l t y  e x p e r ie n c e d  in  g r o w in g  s p iro c h a e te s  in  l iq u id  c u l tu r e  
is  an e x t r a o r d in a r y  c h a r a c te r is t ic  o f  th e s e  fa s t id io u s  o rg a n is m s , 
w h ic h  has been  r e p o r te d  f o r  b o th  f r e e - l iv in g  a n d  h o s t a s s o c ia te d  
fo rm s  ( H o v in d -H o u g e n  e r <aJ., 1982; Lem cke  e t  s J . ,  1979; P h ill ip s  
a n d  Lee , 1983; R o s e b u ry  e t  al., 1 9 5 1 ). T h e  lim ite d  s u cce ss  e v e n ­
tu a l ly  a c h ie v e d ,  w as re la te d  to  th e  in c u b a t io n  o f c u l t u r e  f la s k s  in  
a s la n te d  p o s it io n .  T h e  reason  f o r  t h is  is  n o t o b v io u s ,  s in c e  th e  
o rg a n is m s  d id  n o t a p p e a r  to  a d h e re  to  th e  g la s s  n o r  to  r e q u ; re  in ­
c re a s e d  gas  d i f f u s io n  in to  th e  m ed iu m  s in c e  s h a k in g  o f  th e  c u l tu r e  
in  an o r b i t a l  s h a k e r ,  d id  n o t  a f fe c t  th e  g r o w th  ra te .  In  l iq u id  m e­
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d iu m , 5% g lu c o s e ,  b u t  n o t 5% g a la c to s e , in h ib '%  r . e  g r o w th  o f  T. 
phagedenis b io ty p e  R e ite r  a lth o u g h  th e  K azan  b io ty p e  is  n o t a f ­
fe c te d  (T h o m a s  et a l ., 197 6 ).
T h e  fo rm a t io n  o f  c o c c o id  b o d ie s  in  o ld e r  c u l tu r e s ,  is  a p e c u lia r  
c h a r a c te r is t ic  s h a re d  b y  s p iro c h a e te s  a n d  o th e r  s p i ra l b a c te r ia .  
T h e  m o rp h o lo g ic a l s tu d y  o f  s p iro c h a e te s  a t v a r io u s  s ta g e s  o f  th e  
g r o w th  c u r v e ,  c o n f irm e d  th e  f in d in g  t h a t  th e s e  fo rm s  a re  p ro d u c e d  
p r im a r i ly  a t  th e  o n s e t o f  s ta t io n a r y  p h a s e , a lth o u g h  a sm all in c re a s e  
in  n u m b e r  was o b s e rv e d  in  la g  p h a se  ( F ig .  5 1 ) .  T h is  c o u ld  r e p ­
r e s e n t  th e  re le a se  o f  " p r e fo rm e d "  g ra n u le s  in to  th e  c u l tu r e  m ed iu m . 
W h e th e r  th e s e  ro u n d e d  fo rm s  a re  r e p r o d u c t iv e  u n its  o r  n o t is  s t i l l  
c o n t r o v e r s ia l . In  1981, Kam eneva  e f  al. d e s c r ib e d  c y s t ic ,  
f i l t e r a b le ,  r e p r o d u c t iv e  fo rm s  o f  a m a r in e  s p iro c h a e te ,  a n d  m ore  
r e c e n t ly ,  A l-Q u d a h  et al. (1 983 ) p ro p o s e d  a l i fe  c y c le  f o r  th e  R e ite r  
t re p o n e m e , in  w h ic h  s p iro c h a e te s  "e m e rg e "  fro m  c y s t ic  fo rm s . S e ­
v e ra l in v e s t ig a to r s  h a v e  c la im ed  to  h a v e  is o la te d  s p iro c h a e te s  fro m  
a ge d  c u l tu r e s  c o n ta in in g  o n ly  r o u n d  fo rm s  (H a m p p , 1 9 4 6 ), w h e re a s  
o th e r s  c la im  th a t  th e s e  fo rm s  a re  d e g e n e ra t iv e  s p iro c h a e ie s ,  in c a ­
p a b le  o f  r e p r o d u c t io n . E v id e n c e  p re s e n te d  in  t h is  s tu d y ,  s u g g e s ts  
th a t  1 0 0 % g r a n u la r  c u l tu r e s  a re  n o n -v ia b le ,  a lth o u g h  tw o  g r a n u la r  
fo rm s  w e re  seen , one  o f  w h ic h  c o u ld  be  a c y s t ic  fo rm . T h is  v a r ie t y  
seem ed to  be  a " r o l le d  u p "  s p iro c h a e te  (F ig .  52 M ), w h ic h  c o u ld  
p e rh a p s  h a v e  th e  c a p a c ity  to  " u n c u r l "  a n d  r e p ro d u c e  w h e n  in t r o ­
d u c e d  in to  s u ita b le  m ed iu m . T h e  o th e r  g r a n u fa r  t y p e ,  was w a s te  
m a te r ia l p ro d u c e d  te rm in a lly  fro m  e x te rn a l s h e a th  c o m p o n e n ts  ( F ig .  
52G a n d  H ) . O rg a n is m s  w e re  c a p a b le  o f p ro d u c in g  co p io u s  g r a n u la r  
m a te r ia l,  w h ic h  in i t ia l ly  re m a in e d  a sso c ia te d  w ith  th e  b a c te r ia ,  b u t  
was s u b s e q u e n t ly  re le a se d  as f re e  g r a n u le s .  In  t h e i r  s tu d y ,  
A l-Q u a d a h  et al. (1 9 8 3 ) a lso  d e s c r ib e d  tw o  fo rm s  o f " c y s t s " ,  one  
o f  w h ic h  d e v e lo p e d  s p o n ta n e o u s ly  and  was n o n -v ia b le .  w h e re a s  th e
o th e r  w as in d u c e d  b y  s p e c i f ic ,  u n fa v o u ra b le  c o n d it io n s  a n d  c o u ld  
"g e r m in a te "  to  re le a se  v ia b le  s p iro c h a e te s .
T h e  g e n e ra t io n  t im e  o f  19 h o u rs  f o r  is o la te  D29, is  s lo w  w h e n  com ­
p a re d  to  o th e r  b a c te r ia  in c lu d in g  s p iro c h a e te s .  T. hyodysenteriae 
has a d o u b lin g  tim e  o f  5 .2  h o u rs  (L e m c k e  et al., 1 9 7 9 b ), 7 . 
succinifaciens o f  3 .5  h o u rs  (C w y k  a n d  C a n a le -P a ro la , 1 9 7 9 ), ru m e n  
s o iro c h a e te s  o f  6 0 -8 5  m in u te s  ( Z io le c k i,  1 9 7 9 ), w h ile  th e  o ra l 
t re p o n e rn e s  h a v e  g e n e ra t io n  tim e s  o f  1 2 - 2 0  h o u rs  a n d  in  t h is  re s p e c t  
a re  s im i la r  to  th e  r a t  is o la te s  ( H a r d y  et al. 1 9 6 4 ). I f  t h is  d o u b lin g  
t im e  is  in d ic a t iv e  o f  th e  in vivo d iv is io n  ra te ,  th e n  th e  r a t  
g a s t r o in te s t in a l s p iro c h a e te s  w o u ld  h a v e  to  re s id e  in  p ro te c te d  e n ­
v iro n m e n ts  to  m a in ta in  th e m s e lv e s  a g a in s t  th e  G IT  f lo w  r a te .  T h e  
a c t iv e  m o t i l i ty  o f  th e s e  b a c te r ia  w o u ld  a lso  e n a b le  them  to  m a in ta in  
th e m s e lv e s  in  th e  G IT .  In vitro, d iv id in g  s p iro c h a e te s  w e re  e x c e p ­
t io n a l ly  m o tile .
I t  is  s u r p r is in g  th a t  n on e  o f  th e  s p iro c h a e te - ty p e s  is o la te d  fro m  th e  
r a t  in te s t in e  h a d  a r e q u ire m e n t  f o r  s h o r t  c h a in  f a t t y  a c id s  w h ile  a ll 
h a d  an o b l ig a te  r e q u ire m e n t  f o r  lo n g  c h a in  fa t t y - a c id s  as s u p p lie d  
in  th e  se ru m  c o m p o n e n t. S e v e ra l o f  th e  o ra l a n d  g a s t r o in te s t in a l 
s p iro c h a e te s  in c lu d in g  T.innocens, T.hyodysenteriae, T. vincentii, 
T. derticola, T. refringens, 7. phagedenis r e q u ir e  se ru m  w h e re a s  
m os t ru m e n  t re p o n  »mes a n d  a fe w  o ra l a n d  g a s t r o in te s t in a l sp e c ie s  
in c lu d in g  T. succinifaciens, 7. bryantii, 7. pectinovorum a n d  7 . 
macrodentium r e q u ir e  s h o r t  c h a in  t a t t v  a c id s  as s u p p lie d  in  ru m e n  
f lu i d .  T h e  p re fe re n c e  f o r  fo e ta l c a l f ,  r a b b i t  or hum an s e ra  as o p ­
pose d  to  h o rs e  s e ru m , is  p r o b a b ly  re la te d  to  d i f fe r e n c e s  in  f a t t y  
a c id  c o m p o s itio n s  o f  th e  s e ra . S im ila r  p re fe re n c e s  h a ve  been r e ­
p o r te d  f o r  7 . hyodysenteriae. T h e s e  f in d in g s ,  a ga in  r e f le c t  th e  
fa s t id io u s  n u t r i t io n a l nee ds  o f  h o s t -a s s o c ia te d  s p iro c h a e te s .
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T h e  a b i l i t y  to  h y d r o ly s e  th e  c a r b o x y l e s te r  fro m  b o th  lo n g  a n d  s h o r t  
c h a in  f a t t y  a c id s  w as te s te d  u s in g  th e  A P t-Z Y M  s y s te m . T h e  is o la te s  
w i th  n u m e ro u s  p e r ip la s m ic  f ib r i l s ,  a ll e x h ib ite d  s t ro n g  h y d r o ly s is  
o f  th e  s h o r t  c h a in  f a t t y  a c id  b u t y r a te ,  som ew h a t less h y d r o ly s is  o f  
c a p r y la te  a n d  o n ly  v e r y  w e ak  h y d r o ly s is  o f  th e  C14 f a t t y  a c id  
( m y r is ta te )  ( T a b le  7 ) .  T h is  is  in  s t ro n g  c o n t r a s t  to  th e  r e s u lts  
o b ta in e d  f o r  b o th  T. hyodysenteriae a n d  7 . innocens, w h ic h  e x h ib ­
ite d  w e ak  a c t iv i t y  f o r  b u t y r a te  a n d  c a p r y la te  a n d  no  a c t iv i t y  f o r  th e  
C14 f a t t y  a c id .  S im i la r ly ,  th e  s p iro c h a e te  w ith  th e  3 -6 -2  p e r ip la s m ic  
f i b r i l  a r ra n g e m e n t ,  s h o w e d  r e la t iv e ly  s t ro n g  a c t iv i t y  f o r  b u t y r a te ,  
n e g lig a b le  a c t iv i t y  f o r  c a p r y la te  a n d  no C14 lip a s e  a c t iv i t y  ( T a b le  
7 ) W ith  t h e i r  o b l ig a te  se ru m  re q u ire m e n ts ,  i t  is  s u r p r is in g  th a t  
th e  is o la te d  s p iro c h a e te s  c o u ld  n o t  u t i l iz e  th e  lo n g  c h a in  f a t t y  a c id s  
to  a g r e a te r  e x te n t .  S im ila r  r e s u lts  w e re  re p o r te d  f o r  7. 
denticola, w h ic h  a lso  has an o b lig a te  s e r u m -re q u ire m e n t,  b u t  n e g ­
l ig ib le  o r  no  C14 lip a s e  a lth o u g h  i t  does e x h ib i t  a s t ro n g  C8  
e s te ra s e - lip a s e  re a c t io n  (L a u g h o n  et al . ,  1 9 8 2 ). 7 x’incentli w h ic h
is  a lso  a s e ru m  r e q u i r in g  tre p o n e m a , does h o w e v e r  u t i l iz e  th e  C14 
f a t t y  a c id  b u t  fa ils  to  h y d r o ly s e  th e  c a r b o x ly  g ro u p  fro m  b u t y r a te  
(L a u g h o n  e? al., 198 2 ).
T h e  y e llo w  p ig m e n ta t io n  o b s e rv e d  in  m u l t i f ib r i l la r  s p iro c h a e te  is o ­
la te s  a n d  p a r t ic u la r l y  G 40, g ro w n  on h o rs e -b lo o d  m e d iu m , w as u n ­
e x p e c te d ,  s in c e  o n ly  tw o  s p iro c h a e te  s p e c ie s , b o th  b e lo n g in g  to  th e  
Spirochaats g e n u s , a re  p ig m e n te d . Spiiochaeta aurantia an d  
Spirochaete , s t r a in  R S I p ro d u c e  th e  c a ro te n o id  p ig m e n t
h y d r o x y to r u le n e  (D a v is ,  1965) w h e n  g ro w n  a e ro b ic a lly ,  b u t  n o t
a n a e ro b ic a l ly .  T h e  p ig m e n t is o la te d  fro m  G40 was id e n t if ie d  as b e in g  
a c a ro te n e ,  s in c e  i t  c o n fo rm e d  to  a ll th e  c r i t e r ia  f o r  t h is  c la ss  o f
p ig m e n ts  ( F o x ,  197 6 ). S u r p r is in g ly ,  th e  a b s o rb a n c e  s p e c tru m  o f
G40 p ig m e n t d id  n o t c o n fo rm  to  t h a t  o f  h y d r o x y to r u le n e  o r  a n y  o th e r  
c a ro te n o id  ( D a v is ,  1 9 6 5 ). S in c e  th e  s p iro c h a e te s  w e re  o n ly
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p ig m e n te d  w h e n  g ro w n  on h o rs e -b lo o d  m ed ia  a n d  n o t o th e r  o th e r  
b lo o d  m e d ia , i t  is  p o s s ib le  th a t  th e  c o lo u r  c o u ld  h a v e  a r is e n  fro m  
a b s o rp t io n  o f  3 -c a ro te n e s  w h ic h  a re  p r e s e n t  in  h o rs e  b lo o d  (F o x ,  
19 7 6 ). T h e  u n iq u e  a b s o rp t io n  s p e c tru m  o f  th e  p ig m e n t,  c o u ld  be  
d u e  to  m o d if ic a t io n  m ade to  th e  3 -c a ro te n e  m o le cu le .
T h e  a b i l i t y  to  haem o’y s e  r a b b i t ,  b o v in e ,  a n d  hum an b lo o d  c e l ls ,  is 
an a t t r ib u t e  o f  in te s t in a l s p iro c h a e te s  in  com m on w ith  th o s e  is o la te d  
fro m  d o g s  ( T u r e k  a n d  M e y e r, 1 9 7 7 ), op o ssu m s ( T u r e k  a n d  M e y e r . 
1978) a n d  p ig s  (L e m cke  a n d  B u r ro w s ,  1982; Saheb  et aJ., 1981a; 
iS o lb ) .  T h e  is o la te d  s p iro c h a e te s ,  w e re  a ll w e a k ly  h a e m o ly tic  an d  
•n t h is  re s p e c t  a re  s im ila r  to  T . Jnnocens. A l th o u g h  some in te s t in a l 
s p iro c h a e te s  h a v e  an o b l ig a te  re q u ire m e n t  f o r  haeme ( S m ib e r t  an d  
C la te rb a u g h ,  197 2 ), th e  is o la te d  s t ra in s  d id  n o t r e q u ire  th is  
c o - fa c to r .
A s  w i th  o th e r  in te s t in a l s p iro c h a e te s ,  th e  is o la te d  s t ra in s  h a d  p a r ­
t ic u la r  n u t r ie n t  re q u ire m e n ts ,  as sh o w n  b y  th e  im p o r ta n c e  o f  
p e p to n e  c o m p o s itio n  u s tid  to  s u p p le m e n t th e  m e d iu m . S im ila r  
fa s t id io u s n e s s  has been re p o r te d  f o r  T. hyodysenteriae, w h ic h  w i l l  
g ro w  in  t r y p t ic a s e  soy  b r o th ,  b u t  n o t  in  a b a sa l m ed iu m  c o n ta in in g  
p e p to n e  an d  y e a s t  e x t r a c t  (K in y o n  a n d  H a r r is ,  1 9 7 4 ). In  I ,q u id  
c u l tu r e ,  th e  a d d it io n  o f  y e a s t e x t r a c t  had  a b e n e fic ia l e f fe c t  on th e  
g r o w th  ra te  o f th e  is o la te d  b a c te r ia .  S in c e  a v ita m in  s o lu t io n  ha d  
a s im i la r  e f fe c t ,  i t  is  te m p tin g  to  s u g g e s t  th a t  th e  y e a s t  e x t r a c t  
f u l f i l le d  a v ita m in  re q u ire m e n t o f  th e  s p iro c h a e te s .  I t  is  p o s s ib le  
h o w e v e r  th a t  th e  y e a s t e x t r a c t  was u se d  as a n i t ro g e n  s o u rc e ,  s in c e  
t h is  is  k n o w n  to  o c c u r  w ith  c e r ta in  ru m e n  s p iro c h a e te s  (Z io le c k i et 
al.t 1975).
T h e  s p e c if ic  p e p to n e  r e q u ire m e n ts ,  as w e ll as g ro w th  in  th e  a b se n ce  
o f  c a rb o h y d ra te s ,  b o th  s u g g e s t  th a t  p ro te in a c e o u s  m a te r ia l can s e rv e
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as c a rb o n  an d  e n e rg y  s o u rc e s .  T h e  m eans b y  w h ic h  t h is  is  a c ­
c o m p lis h e d ,  re m a in s  u n e x p la in e d ,  s in c e  m ost is o la te s  w e re  o n ly  
w e a k ly  p r o te o ly t ic ,  a n d  fu r th e r m o r e ,  am ino  a c id s  d id  n o t a p p e a r  to  
b e  u t i l iz e d .  N o ne  o f  th e  s ta in s  produced indole from tryptophan 
nor d e c a rb o x y la te d  s e le c te d  am ino  a c id s . T h e  s im p le  m e ta b o lic  
e n d -p r o d u c ts  o f  a c e t ic  a c id  a n d  t ra c e  a m o u n ts  o f  b u t y r ic  a c id ,  
f u r t h e r  s u g g e s t  t h a t  am in o  a c id s  a re  n o t d e g ra d e d ,  s in c e  t h is  u s u ­
a l ly  r e s u lts  in  th e  p r o d u c t io n  o f  a v a r ie t y  o f  v o la t i le  f a t t y  a c id s ,  
n o ta b ly  is o b u ty r ic  a n d  is o v a le r ic  a c id s . N e v e r th e le s s ,  some 
Clostridium sp e c ie s  do  fe rm e n t a m ino  a c id s  w ith  th e  p r o d u c t io n  o f  
o n ly  a c e t ic  a c id  ( B a r k e r ,  198 1 ). F u r th e rm o re ,  am m on ia , w h ic h  is 
a ls o  in d ic a t iv e  o f  a m ino  a c id  d e g ra d a t io n ,  c o u ld  n o t be  d e te c te d  in  
th e  c u l tu r e  m e d iu m . T h e  in a b i l i t y  to  p ro d u c e  H aS , a lso  s u g g e s ts  
th a t  s u lp h u r  a m ino  a c id s  a re  n o t m e ta b o liz e d . I n h ib i t io n  o f  g r o w th ,  
p ro v o k e d  b y  th e  a d d it io n  o f  h ig h  c o n c e n tra t io n s  o f  ly s in e  s u g g e s ts  
t h a t  t h is  am ino  a c id  m ay h a ve  t r ig g e r e d  a fe e d b a c k  s y s te m  t h a t  i n ­
h ib ite d  th e  s y n th e s is  o f  e s s e n tia l am ino  a c id s ,  p e p to n e  d e g ra d a tio n  
o r  t r a n s p o r t  sy s te m s  b y  w h ic h  u t i l iz a b le  am ino  a c id s  e n te r  th e  c e ll.
P r o te o ly t ic  a c t iv i t y  as in d ic a te d  b y  g e la t in  d ig e s t io n  is  an a t t r ib u te  
s h a re d  b y  m any  Treponema sp e c ie s  in c lu d in g  T. hyodysenteriaff b u t  
e x c lu d in g  7 . innocens (S m ib e r t ,  198 4a ). O f th e  b io c h e m ic a l te s ts  
p e r fo rm e d  on  th e  is o la te d  s p iro c h a e te s ,  g e la t in  h y d r o ly s is  w as one  
o f  th e  fe w  te s ts  in  w h ic h  v a r ia t io n  am ong is o la te s  was o b s e rv e d ,  
w i th  G40 p r o d u c in g  a s t ro n g  re a c t io n ,  w h ile  o th e r  is o la te s  o f  s im ila r  
m o rp h o lo g y ,  d is p la y in g  o n ly  w e ak  h y d r o ly s is  ( T a b le  7 ) .  U n fo r t u ­
n a te ly  G 40 was n o t c h a ra c te r iz e d  a c c o rd in g  to  th e  A P i-Z Y M  s y s te m , 
b u t  th e  o th e r  is o la te s  w e re  a l! c o n s is te n t ly  n e g a t iv e  f o r  th e  e n z y m ic  
a ssa ys  d e te c t in g  t r y p s in  an d  c h y m o try p s in  a c t iv i t ie s  ( T a b le  8 ) .  
T h e  c o m p le te  la c k  o f  p r o te o ly t ic  o r  am m o a c id  d e g ra d a t io n  a c t iv i t ie s  
b y  th e  m u l t i f ib r i l la r  is o la te s  ( in d ic a te d  b y  A P I-Z Y M ) ,  is c o n s is te n t  
w i th  th a t  fo u n d  f o r  o th e r  g a s t r o in te s t in a l s p iro c h a e te s  (H u n te r  an d
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W ood, 1 9 7 9 ). In  c o n t r a s t ,  m any o ra l tre p o n e m e s  a re  a c t iv e  t r y p s in  
a n d  c h y m o t ry p s in  p -o d u c e rs  an d  some a lso  p r o d u c e  enzym es  c a p a b le  
o f  d e g ra d in g  am ino  a c id s  p a r t ic u la r ly  le u c in e  (L a u g h o n  et a]., 
1 9 8 2 ). A l th o u g h  th e  tre p o n e m e  is o la te s  w ith  th e  3 - 6 -3  p e r ip la s m ic  
f i b r i l  c o n f ig u ra t io n  a lso  la c k e d  t r y p s in  a n d  c h y m o t ry p s in  a c t iv i t ie s ,  
th e y  d id  h a v e  th e  a b i l i t y  to  h y d r o ly s e  le u c in e  a n d  p o s s ib ly  e ven  
c y s te in e  ( T a b le  8 ) .  F u r th e rm o re ,  th e y  a lso  e x h ib ite d
p h o s p h o a m id a s e  a c t iv i t y ;  a ra re  a t t r ib u te  o f  tre p o n e n .e s  w h ic h  has 
o n ly  bee n  re p o r te d  in  a p o u l t r y  is o la te  a n d  o n e  s t ra in  o f  T 
hyodysenteriae (H u n te r  a n d  W ood, 197 9 ).
T h e  a b i l i t y  to  h y d r o ly s e  m u c in  as in d ic a te d  b y  C a C i2 p r e c ip ita t io n  
o f  u n d ig e s te d  m u c in , m ay a lso  o c c u r  b y  p n t e o l y t i c  « i+ \dck. None 
o f  th e  s p iro c h a e te  is o la te s  p o sse sse d  th e  en zym e s  a - fu c o s id a s e ,  
a -g a la c to s id a s e ,  o r  N - a c e t y l- 6 - g h jc o s a m in id a s e r s u g g e s t i r g  th a t  th e y  
d o  n o t h y d r o ly s e  th e  s u g a r  m o ie tie s  fro m  th e  m u c n  m o le cu le . 
N e v e rth e le s s  a l l s p iro c h a e te  is o la te s  h y d r o ly s e d  a e s c u l i r ,  in d ic a t in g  
t h a t  th e y  can h y d ro ly s e  some g ly c o s id ic  b o n d s  (M a c F a a d in , 198 0 ). 
A e s c u lin  h y d r o ly s is  is  a com mon a t t r ib u te  o f  tre p o i:e m e s , s h a re d  n o t 
o n ly  b y  T. hyodysentariae an d  7* innocens, b u t  a ls o  b y  th e  o ra l 
s p iro c h a e te s  7, denticola, 7. refringens a n d  T. mimitum (S m ib e r t ,  
1 9 8 4 a ) .
A P I-Z Y M  a ssa ys  in d ic a te  th a t  th e  m u l t i f ib r i l la r  tre p o n e m e s  is o la te d  
from th e  r a t  g u t  a re  s im ila r  to  7 . hyodysenterise a n d  ?. innocens 
in  t h a t  th e y  a re  p r o l i f i c  p r o d u c e rs  o f B -g a la c to s id a s e  an d  
8 -g lu c o s id a s e .  B o th  T . hyodysenterise an d  7 . innocens a re  a lso  
p ro d u c e r?  o f  a -g lu c o s id a s e  b u t  t h is  e n zym e  was n o t d e te c te d  in  th e  
r a t  is o la te s . T h e  p re s e n c e  o f  a g a la c to s id a s e  a c t iv i t y  is u sed  to  
d i f f e r e n t ia t e  7 .  innocens f ro m  7.  hyodysenteriae (Jo e n s  an d  K in y o n ,  
1 9 8 2 ), an d  in  t h is  re s p e c t ,  th e  is o la te d  s p iro c h a e te s  a r e  lik e  7. 
hyodysenteriae in  th a t  th e y  p ro d u c e d  t h i s  en z y m e .
T h e  ra n g e  o f  c a rb o h y d  -ate? fe rm e n te d  b y  th e  m u l t i f ib r i l la r  
s p iro c h a e te s  is  n a r r o w ,  w i th  o n ly  g a la c to s e , In o v ito l,  in u l in ,  la c to s e , 
m annose  a n d  x y lo s e  b e in g  w e a k ly  fe rm e n te d  O  a b le  7 ) ,  T h e  en zym e s  
6 - g a la c to s ;dase  a n d  6 -g lu c o s id a s e  w o u ld  be in v o lv e d  in  th e  l ib e ra t io n  
o f  s im p le  s u g a rs  fro m  th e s e  co m p le x  m o le c u le s . T h e  fe rm e n ta t io n  
t i s t  e m p lo y e d  in  t h is  s tu d y ,  g a v e  n e g a tiv e  r e s u lts  f o r  g lu c o s e  
fe rm e n ta t io n  f o r  s p iro c h a e te  is o la te s ,  7 . innccens a n d  T. 
hyodysenteriae. T h is  is  in  c o n t r a s t  to  th e  p u b lis h e d  d e s c r ip t io n s  
o f  th e s u  re fe re n c e  s t ra in s  w h ic h  a re  c o n s id e re d  to  be  g lu c o s e  
fe rm e n te rs  (S m ib e r t ,  198 4a ). in  PYG b r o t h ,  g lu c o s e  fe rm e n ta t io n  
b y  T. hyodysenteriae a n d  T. innocens is  c o n s id e re d  p o s it iv e  i f  a pH 
re d u c t io n  o f  0 .2 5  u n its  o c c u rs .  T h is  c o u ld  b e  b e y o n d  th e  s e n s i t iv i t y  
o f  th e  a g a r  te s t  e m p lo y e d , a lth o u g h  u s in g  a s im ila r  t e s t ,  Lem cke  
a r d  B u r ro w s  (1 9 8 1 ) re c o rd e d  a p o s it iv e  re a c t io n  f o r  g lu v o s e  
fe rm e n ta t io n  f o r  b o th  7. hyodysenteriae a n d  7 . innocens. A  f u r t h e r  
d is c re p a n c y  w as o b s e rv e d  in  th e  fe rm e n ta t io n  re a c t io n  f o r  la c to s e  
b y  7 . hyodysenteriae, w h ic h  in  t h is  s tu d y  was p o s it iv e  a lth o u g h  
S m ib e r t  (1984a ) re c o rd s  th is  as b e in g  n e g a tiv e .  Lem cke  a n d  
B u r ro w s  (1 9 8 1 ) a ls o  re c o rd e d  a p o s i t iv e  la c to s e  fe rm e n ta t io n  re a c t io n  
f o r  7 . hyodysenteriae. C o n v e n t io n a l b io c h e m ic a l te s ts ,  in c lu d in g  
s u g a r  fe rm e n ta t io n  re a c t io n s  a re  n o t  r e lia b le  in  d i f f e r e n t ia t in g  7 . 
hyodysenteriae f ro m  7 . innocens, a n d  c o n f l ic t in g  r e s u lts  a re  o b ta in e d  
in  d i f f e r e n t  la b o ra to r ie s  (M a tth e w s  a n d  K in y o n ,  198 4 ). K in y o n  and  
H a r r is  (1& 79) c o n s id e r  in d o le  p r o d u c t io n  a n d  f ru c to s e  fe rm e n ta t io n  
as b e in g  o f  va lu *  'o r  d i f f e r e n t ia t in g  th e s e  tw o  s p e c ie s , w h ile  Lem cke  
a n d  B u t o w s  (1 9 8 1 ), d is p u te  th e s e  f in d in g s .
T h e  in a b i l i t y  to  h y d r o ly s e  s ta rc h  is  a c h a r a c te r is t ic  th e  s p iro c h a e te  
is o la te s  s h a re d  w ith  m os t o f th e  c a r b o h y d r a te - fe r m e n t in g  sp e c ie s  o f 
Treponema in c lu d in g  b o th  7 . hyodysenteriae a n d  7 . innocens (S m ib e r t ,  
19S*-»a). None o f  th e  s p iro c h a e te  is o la te s  p ro d u c e d  in d o le ,  a n d  in 
t h is  re s p e c t  a re  lik e  m any  s t ra in s  o f 7 . innocens b u t  u n l ik e  7 .
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hyodysenteriae w h ic h  is  u s u a lly  p o s i t iv e  f o r  t h is  c h a r a c te r is t ic  
(K in y o n  an d  H a r r is ,  1 9 7 9 ). A l th o u g h  n o t u s u a l 'y  u s e d  f o r  c h a r a c ­
t e r iz in g  tre o o n e m e s , th e  th r e e  th a t  h a v e  been  a n a ly s e d  f o r  u re a s e  
a n d  n i t r a t e  re d u c t io n  (7*. phagedenis, T. hyodysenteriae a n d  T. 
innocens) l ik e  th e  r a t  is o la te s ;  n e g a t iv e  f o r  th e s e  c h a r a c te r ­
is t ic s .  H ,S  p r o d u c t io n  is  a lso  on e  o f  th e  c h a r a c te r is t ic s  d i f f e r e n ­
t ia t in g  th e  - io n -c a rb c -h y d  r a te - fe r m e n t in g  tre p o n e m e s  fro m  th e  
c a r b o h y d ra te  (n * *e n t in g  s p e c ie s . In  n o t  p ro d u c in g  H 2 S, th e  is o ­
la te d  s p iro c h a t  a g a in  c o n fo rm  to  th e  la t t e r  g ro u p  •"* w h ic h  b o th  
7 . hyodysenteriae a n d  7. innocens h a v e  been p la c e d  (S m ib e r t ,  
1984a).
T h e  is o la te d  m u l t i f ib r i l la r  s p iro c h a e te s  p ro d u c e d  a c e t ic  a c id  a n d  
t ra c e  a m oun ts  o f  b u t y i i c  a c id  as m e ta b o lic  e n d  r o d u c ts .  T h e s e  
v o la t i le  f a t t y  a c id s  a re  a lso  p ro d u c e d  b y  7 . hyodysenteriae, T. 
innocens an d  7 . vincen i, a lth o u g h  th e  s w in e  sp e c ie s  p ro d u c e  m o re  
b u r y r ic  a c id  th a n  th e  r a t  is o la te s ,  w h ile  7 . vincentii p ro d u c e s  m a jo r  
am o u n ts  o f  b o th  a c e tic  a n d  b u t y r ic  a c id s  (L e m c k e  a n d  B u r r o w s ,  
1981; H o ldem an et al., 1 9 7 4 ). T h e  s im i la r i t y  in  m e ta b o lic  e n d
p ro d u c ts  s t r o n g ly  s u g g e s ts  th a t  th e s e  s p iro c h a e te  sp e c ie s  s h a re  a 
com m on m e ta b o lic  p a th w a y  w h ic h  is  d is t in c t  f rc m  7 bryantii a n d  7 . 
succinifaciens, b o th  o f w h ic h  p ro d u c e  a c e t ic ,  fo rm ic  a n d  s u c c in ic  
a c id s  ( S ta n to n ,  1 9 8 4 ). T h e  a c e t ic  a n d  p r o p r io n ic  a c id s  in t r in s ic a l l y  
in  th e  m e d iu m , w e re  p r o b a b ly  in t r o d u c e d  in  th e  T r y p t ic a s e  soy  b r o th  
(C a r ls s o n ,  1973).
U s in g  c o n v e n tio n a l b io c h e m ic a l te s t* . ,  th e  is o la te d  s p iro c h a e te s  a p ­
p e a re d  to  b e  re la *  v e ly  n e r t ,  a lth o u g h  th e  A P I-Z V M  m ic ro m e th o d  
f o r  d e te c t in g  th e  p re s e n c e  o f p a r t ic u la r  en zym e s  was m ore  re v e a lin g  
in  th e  b io c h e m ic a l a t t r ib u te s  o f th e s e  o rg a n is m s . U n lik e  o th e r  AP I 
s y s te m s , th e  A P I-Z Y M  te s t  m o n ito rs  e n zym e s  p ro d u c e d  b y  c e lls  on 
a n y  ch o se n  m e d iu m , a n d  h e n ce  does n o t r e ly  on th e  m u lt ip l ic a t io n
1 4  5
o f  b a c te r ia  in  th e  m ic ro tu b e s ;  a d is t in c t  a d v a n ta g e  f o r  fa s t id io u s  
o rg a n is m s  s u c h  as t re p o n e m a s . T h e  A P I-Z Y M  re a c t io n  has heen used  
e x te n s iv e ly  to  c h a ra c te r iz e  b o th  in te s t in a l s p iro c h a e te s  
(H o v in d -H o u g e n ,  et al. 1982; H u n te r  a n d  W ood, 1979; J o e n r an d
K in y o n ,  1982) an d  tre p o n e m e s  o f  o ra l o r ig in  (L a u g h o n  et al., 1 9 8 2 ). 
T h e  A P I-Z Y M  p r o f i le s  o b ta in e d  in  t h is  s tu d y  f o r  7 . innocens an d  
7 . hyodysenteriae a re  r e m a rk a b ly  c o m p a ra b le  to  th o s e  o b ta in e d  o y  
H u n te r  an d  Wood (1 9 7 9 ) .
T h e  G*Cmoi%  v « iu e  o t 30 7 o b ta in e d  f o r  th e  m u l t i f ib r i l la r  s p iro c h a e te  
is o la te s ,  m akes th e s e  o rg a n is m s  d is t in c t  fro m  a n y  o th e r  c u l t iv a te d  
Treponema s p e c ie s . B o th  7 . hyodysenteriae a n d  7 . innocens h a v e  a 
♦C mol% r a t io  o f 2b -2S , w h ile  o th e r  o r a l ,  ru m e n  a n d  in te s t in a l 
‘. t r a in s  (7 .  succinifaciens) a ll h a ve  G *C  ra t io s  b e tw e e n  36 and  42%. 
A c o n t ro l c u l t u r e  o f  E coli B (N C T C  9 0 0 1 ), g a v e  a G *C  mol% ra t io  
o f  5 0 .9  w h 'c h  is  e x a c t ly  th a t  re p o r te d  b y  D e !.e v  (1 9 7 0 ). S )me d i f ­
f i c u l t y  w as e x p e r ie n c e d  in  is o la t in g  s p iro c h a e te  D N A , a lth o u g h  th e  
re t's o n  f o r  t h is  is  o b s c u re ,  s in c e  m e th o d s  u se d  f o r  is o la t io n  o f  D N A  
fro rr. o th e r  Treponema sp e c ie s  ( T .  B . S ta n to n ,  p e rs o n a l co m m u n i- 
c a t ic r  w e re  n o t s u c c e s s fu l on  th e s e  is o la te s .  No D N ase  a c t iv i t y  
c o u ld  be  d e te c te d  in  th e  s p iro c h a e te  c u l tu r e s ,  an d  a ll m e th o d s  
w o rk e d  ve il f o r  th e  is o la t io n  o f  E. coli B D N A . F u r th e rm o re ,  
s p i r o c t  le  e c u l tu r e s  ly s e d  r e a d i ly  w ith  s o d iu m  d o d e c y ls u lp h a te .  
O ne  p o s i : le  e x p la n a t io n  is  th a t  d u e  to  d i f f ic u l t i e s  in  c u l t u r in g  la rg e  
num ber*. o ; s p iro c h a e te s ,  to o  fe w  o rg a n is m s  w e re  i  -.ed, y ie ld in g  a 
lo w  co ,i o n t r a t io n  o f D N A  w h ic h  w o u ld  be  p a r t ic u la r ly  < u s c e p :ib le  
to  d e g ra d a t io n .  D i f f ic u l t y  in  p r e p a r in g  D N A  fro m  s p iro c h a a te s  
p re c lu d e d  th e  lo g ic a l s te p  o f  m e a s u r in g  th e  d e g re e  o f D N A  ho m o lo g y  
b e tw e e n  rah s p iro c h a e te  is o la te s  an d  7 hyodysenteriae a n d  7 . 
innocens
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A s  w ith  o th e r  c u l t iv a b le  tre p o n e m e s , a p p ro x im a te ly  15% o f  th e  c e l­
lu la r  d r y  w e ig h t  was com posed  o f  e x t ra c ta b le  l ip id  m a te r ia l.  T h e  
m u l t i f ib r i l la r  s p iro c h a e te  is o la te s  P IG , P28, T 9  a n d  T2S , a l l had  
s i i”" l a r  p o la r  l ip id  p r o f i le s  a n d  s im ila r  f a t t y  a c id  c o m p o s it io n s . T h e s e  
is o la te s  a ll c o n ta in e d  th e  g iy c o l ip id  m onoga t ic to s y l d ig ly c e r id e  
(M G D G ) a n d  th o  p h o s p h o lip id s  p h o s p h a t id y lg ly c e r o l (P G ),  
c a r d io l ip id  lC ) ,  p h o s p h a t id y ls e r in e  (P S ) a n d  p h o s p h a t id y lc h o lin e  
( P C ) .  In  t h is  s tu d y  a t te m p t w as m ade to  d e te rm in e  th e  p r o ­
p o r t io n s  g ly c o l ip id s  a n d  p h o s p h o lip id s  in  th e  p o la r  l ip id  f r a c t io n ,  
b u t  s p o t ize  a n d  d e n s ity  s u g g e s te d  t h a t  MGDG w as a m a jo r  l ip id  
c o m p o n e n t.  MGDG is  a com mon c o m p o n e n t o f  a ll c u l t iv a b le  
tre p o n e m e s  ( L iv e r m o re  a n d  J o h n s o n , 1 9 7 4 ), a lth o u g h  7 . pallidum is 
d e v o id  o f t h is  g iy c o l ip id  (M a tth e w s  et a l . 197 9 ). T h e  p h o s p h o lip id s
PG a n d  C a re  com m on l ip id  co m p o n e n ts  am ong s p iro c h a e te s  w h ile  th e  
p re s e n c e  o f  PC is  one  o f  th e  recom m en ded  c r i t e r ia  f o r  d i f f e r e n t ia t in g  
Spirochaeta s p e c ie s  fro m  Treponema s p e c ie s , w h ic h  in  a ll in s ta n c e s  
h a v e  th is  p h o s p h o lip id  ( L iv e rm o re  a n d  J o h n s o n ,  1 9 7 4 ). T h e  p r e s ­
en ce  o f  PS is  m o re  u n u s u a l,  an d  t a :  been d e te c te d  p r e v io u s ly  in  
o n ly  7 . refringenSr 5 . sCenostrepta a n d  7  pallidum ( L iv e rm o re  an d  
J o h n s o n ,  1974; M a tth e w s  et al. , 1 9 7 9 ). T h e  p h o s p h o lip id  p r o f i le  
o f  th e  m u l t i f ib r i l la r  is o la te s , is d is t in c t  fro m  th e  m o rp h o lo g ic a lly  
s im i la r  tre p o n e m e s  7 . innocens, and  7 . hyodysenteriae, b o th  o f  w h ic h  
d o  n o t c o n ta in  PS, b u t  do  c o n ta in  s p h in g o m y e lin  and  
ly s o p h o s p h a t id y lc h o lin e  as m in o r  c o m p o n e n ts  (M a tth e w s  et al., 
1 9 8 0 a '.  W ith  th e  e x c e p tio n  o f PS, w h ic h  fo rm e d  22% o f  th e
p h o s p h o lip id  c o m p o n e n t,  th e  p r o p o r t io n s  o f  PG, PC and  C in  th e  
'•a : is o la te s  w e t e c o m p a ra b le  to  th o s e  fo u n d  in  7 . innocens (M a tth e w s  
e t  al., 1 9 8 0 b ). T h e  C p h o s p h o lip id  co m p o n e n t o f  t re p o n e m e s  is 
p a r t ic u la r ly  im p o r ta n t ,  s in c e  i t  is a g a in s t  t h is  p h o s p h o lip id  th a t  
W asserm a nn a n t ib o d ie s  a re  fo rm e d  d u r in g  th e  e a r ly  s ta g e s  o f s y p h i l is  
(M a tth e w s , # t  a l . , 1980a). T h e  g e n e ra liz e d  p re s e n c e  o f t h is  com ­
p o n e n t c o u ld  e x p la in  th e  la - ^ e  d e g re e  o f  im m u n o lo g ica l
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c r o s s - r e a c t iv i t y  b e tw e e n  d i f f e r e n t  Treponema s p e c ie s . S in c e  i t  is  
n o t  a ta x o n o m ic  c r i t e r io n ,  no e f fo r t  to  id e n t i f y  s te ro ls  in  th e  l ip id  
m a te r ia l o f  th e  r a t  is o la te s  w as m ade, a lth o u g h  th e s e  n e u tr a l l ip id s  
w o u ld  be e x p e c te d  to  be  p re s e n t  s in c e  th e  is o la te s  w e re  c u l t  v a te d  
o n  s e ru m -c o n ta in in g  m e d iu m . C h o le s te ro l is  a m a jo r  c o n s t itu e n t  o f 
l ip id s  o f  7 . pallidum, w h ile  T. phagedenis c o n ta in s  th is  l ip id  w hen  
g ro w n  on s e ru m -c o n ta in in g  m e d iu m , b u t  n o t  w h e n  g ro w n  on  m edia 
la c k in g  c h o le s te ro l C ’a t th e w s  e t  al,, 197 9 ). A p p ro x im a te ly  33% o f  
to ta l  l ip id s  o f  7 . innocens is  in  th e  fo rm  o f  n e u tr a l l ip id s  d e r iv e d  
f ro m  se ru m  c o n ta in in g  m ed iu m .
In  a d d it io n  to  M G D G , th e  m u l t i f ib r i l la r  s p iro c h a e te  is o la te s  a lso  
p o sse sse d  tw o  u n id e n t if ie d  g ly c o l ip id s . N e ith e r  o f  hese tw o  l ip id s  
is  b e l ie v e d  to  be acy lM G D G , s in c e  t h e y  e lu te d  f r o m  th e  DEAE 
c e llu lo s e  co lu m n  w ith  th e  a c id ic  l ip id  f r a c t io n  an d  w e re  le ss  m o b ile  
th a n  MGDG on  T LC p la te s .  In an id e n t ic a l s y s te m , acy lM G D G  was 
sh o w n  to  h a v e  a g r e a te r  m o b il ity  th a n  MGDG (M a tth e w s  e t  al., 
1 9 8 0 b ). O ne o f  th e  u n id e n t if ie d  g ly c o lip id s  was e x c e p t io n a lly  u n u ­
s u a l in  t h a t  i t  < o n ta in e d  th e  s u g a r  g a la c to s a m in e  in  a d d it io n  to  
g a la c to s e . T h is  s u g a r  has n o t p r e v io u s ly  been re p o r te d  in  a n y  
s p iro c h a e te  in  w h ic h  th e  suga^ m o ie t ie s  o f  th e  l ip id  c o m p o n e n t h a ve  
be e n  a n a ly s e d  T h a t t h is  l ip id  wa> a m in o r  c o n s t itu e n t  o f  th e  
g ly c o l ip id  f r a c t io n  is e m p h a s ize d  b y  s u g a r  a n a iv s is  on th e  to ta l l ip id  
f r a c t io n ,  w h e re  o n ly  g a la c to s e  w as d e te c te d .  G a la c to se  is n o rm a lly  
t h e  o n ly  s u g a r  p r e s e n t  in  s p iro c h a e te  g ly c o l ip id s ,  a lth o u g h  some 7 . 
innocens s t ra in s  a lso  c o n ta in  g lu c o s e  (M c tth e w s  a n d  K in y o n ,  1984).
T h e  f a t t y  a c id  p r o f i le  o f  to ta l e x t ra c te d  l ip id  re v e a le d  th a t  th e  th re e  
m o rp h o lo g ic a lly  d is t in c t  s p iro c h a e te s  is o la te d  fro m  th e  r a t  g u t ,  c o u ld  
be  d i f f e r e n t ia te d  a c c o rd in g  to  t h e i r  f a t t y - a c id  c o m p o s it io n . T h e  
m u l t i f ib r i l la r  s p iro c h a e te s  w e re  c h a ra c te r iz e d  b y  th e  p re s e n c e  o f  1 2 : 0  
a n d  15 0 f a t t y  a c id s , th e  e la te s  w ith  th e  3 -6 -3  p e r ip la s m ic  f ib r i l
a rra n g e m e n t a ll ha d  c o m p a ra t iv e ly  la rg e  a m o u n ts  o f  1 4 :0  f a t t y  a c id s , 
a n d  th e  is o la te s  w i th  2 -4 -2  p e r ip la s m ic  f i b r i l  c o n f ig u ra t io n  w e re  
c h a ra c te r iz e d  b y  th e  p re s e n c e  o f  w h a t  is  th o u g h t  to  be  a lk e n y l 1 5 :0  
f a t t y  a c id s .  T h e  f a t t y  a c id  p r o f i le s  o f  a ll th re e  m o rp h o lo g ic a lly  
d is t in c t  v a r ia n ts ,  a re  d is t in c t  f ro m  a ll o th e r  tre p o n e m e s  in c lu d in g  
7 .  hyodysenteriae a n d  T. mnocens,  w h ic h  in  t h is  s tu d y  g a v e  s im ila r  
r e s u lts  to  th o s e  re p o r te d  f o r  th e s e  o rg a n is m s  b y  M a tth e w s  a n d  
K in y o n ,  (1 9 8 4 ) . T h e s e  s t ra in s  d o  n o t c o n ta in  s ig n i f ic a n t  a m o u n ts  
o f  f a t t y  a c id s  w i th  c a rb o n  c h a in  le n g th  o f  m ore  th a n  16 c a rb o n  
m o le c u le s , w h e re a s  a l l th e  is o la te d  tre p o n e m e s  p o sse sse d  la rg e  
a m o u n ts  o f  18:1 f a t t y  a c id ,  a n d  m  th is  re s p e c t  a re  s im i la r  to  7 . 
pallidum, a n d  some o ra l tre p o n e m e s  p a r t ic u la r ly  T. zuelzerae (C o h e n  
et si., 1970),. a n d  T. phagedenis ( L iv e r m o re  a n d  J o h n s o n , 197 4 ). 
T h e s e  o rg a n is m s  h o w e v e r  a lso  h a v e  s ig n i f ic a n t  a m o u n ts  o f  1 8 :2  f a t t y  
a c id ,  w h ic h  was n o t  d e te c te d  in  th g  a t is o la te s  (C o h e n  et al., 
1 9 7 0 ). In  h a v in g  la rg o  a m o u n ts  o f  1 4 :0  f a t t y  a c id s ,  th e  is o la te s  
w 'th  th e  3 -6 - 3  p e r ip la s m ic  f i b r i l  a r ra n g e m e n t a re  s im i la r  to  7 . 
microdentiun. U n fo r tu n a te ly ,  rum e r, frpnonems sp e c ie s  h a v e  n o t  been 
s u b je c te d  to  f a t t y  a c id  a n a ly s is ,  a n d  Lhus can n o t be  c o m p a re d  w ith  
th e  r a t  is o la te s .
S e ro lo g ic a l d i f f e r e n t ia t io n  o f  th e  is o la te d  s p iro c h a e te s  in d ic a te d  th a t  
th e  ra is e d  a n t is e ra  la c k e d  s p e c i f ic i t y .  S im ila r  n o n - s p e c if ic i t y  is  
p ro b le m a tic a l in  p o s i t iv e  d ia g n o s is  o f  b o th  T. hyodysenteri&e a n d  7 . 
pallidum in fe c t io n s .  D ir e c t  a n d  in d ir e c t  f lu o r e s c e n t  a n t ib o d y  te s ts  
as w e ll as a g g lu t in a t io n  te s ts ,  a re  re g a rd e d  as in a d e q u a te  f o r  d i ­
a g n o s tic  p u rp o s e s ,  as s e ra  m u s t be  p re a d s o rb e d  w ith  n o n -p a th o g e n ic  
tre p o n e m e s  (B e e b e  an d  N o u r i ,  1984; B u rro w s  a n d  L e m cke , 1981; 
Jo e n s , 1979; S a u n d e rs  a n d  H u n te r ,  197 4 ). N o n - s p e c if ic i ty  o f  
a n t is e ra  has a lso  been  re p o r te d  f o r  o ra l t re p o n e m e s  (J a c o b  et al., 
1980; Ja co b  an d  N aum an , 1981; 198 2 ). T. pallidum an d  7 . 
ph^gedenis b io ty p e  R e ite r  s h a re  a t le a s t e ig h t  com mon a n t ig e n s
1 4 9
( H a n f f  e t  a l ., 1982) a n d  m o n o c lo n a l a n t ib o d ie s  re a c t  w ith  b o th  
sp e c ie s  (S a u n d e rs  a n d  F o ld s , 198 3 ). N e v e r th e le s s ,  s p e c ie s -s p e c if ic  
Treponema a n t ig e n s  a re  p re s e n t  (H a n f f  et al., 1982) a n d  a d s o rp t io n  
o f  th e  ra is e d  a n t is e ra  w ith  h e te ro lo g o u s  is o la te s ,  m ay h a ve  y ie ld e d  
m o re  s p e c if ic  s e ra . T h e  d is c - g r o w th  in h ib i t io n  te s t  has been  u sed  
to  d is t in g u is h  b e tw e e n  T. hy<xiysenterlre a n d  T. innocens, (L e m cke  
a n d  B u r r o w s ,  1979a) a n d  in  t h is  s tu d y  a ls o  p ro v e d  to  be  an im ­
p ro v e m e n t o v e r  tu b e  a g g lu t in a t io n  (T a b le s  10 a n d  1 1 ).  I t  is  p o s s ib le  
th a t  s p iro c h a e te  is o la te s  in c o rp o ra te d  a n t ig e n ic  se ru m  c o m p o n e n ts  
fro m  th e  c u l tu r e  m ed ia  in to  t h e i r  o u te r  m e m b ra n e . In  th e  
d is c -g r o w th  in h ib i t io n  te s t ,  th e s e  n o n -s p e c if ic  a n t ib o d ie s  m ay h a v e  
been a d s o rb e d  in  th e  m ed ium  th u s  p e r m it t in g  g ro w th  o f  h e te ro lo g o u s  
s t r a in s ,  w h e re a s  s p e c if ic  b in d in g  w ith  h o m o logous  is o la te s  p re v e n te d  
s p iro c h a e te  re p lic a t io n .
A lth o u g h  f o u r  m o rp h o lo g ic a lly  d is t in c t  s p iro c h a e te s  w e re  is o la te d  
fro m  th e  r a t  G IT ,  o n ly  one  o f th e s e  has been s u f f ic ie n t ly  c h a r a c ­
te r iz e d  to  e n a b le  a ta x o n o m ic  co m p a r is o n  w ith  o th e r  Treponema s p e ­
c ie s . M o rp h o lo g ic a lly  t h is  o rg a n is m  esem btes 7 . hyodysenteriae an d  
7 . innocens in  th a t  i t  is m o tile  b y  m eans o f  7 o r  8  p e r ip la s m ic  f la g e lla  
o r ig in a t in g  a t each p o le , a lth o u g h  in  s iz e , t h is  is o la te  is  s l ig h t ly  
la r g e r  th a n  e i th e r  o f th e  tw o  s w in e  sp e c ie s  ( K in y o n  a n d  H a r r is ,  
1978; S m ib e r t ,  198 4a ). On m o rp h o lo g ic a l c r i t e r ia ,  th e  r a t  is o la te s  
can be  d i f f e r e n t ia te d  fro m  o th e r  in te s t in a l Treponema s p e c ie s , in ­
c lu d in g  7 . succinifsciens, w h ic h  has a 2 - 4 -2  p e r ip la s m ic  f i b r i l  a r ­
ra n g e m e n t (C w y k  a n d  C a n a le -P a ro la , 1 9 7 9 ), an d  Brachyspira
aalborgi w h ic h  is  o n ly  0 . 2 um w id e  an d  has f o u r  p e r ip la s m ic  f la g e lla  
a t each p o le  (H o v in d -H o u g e n  et al., 1 9 b 2 ). M o rp h o lo g ic a l ly ,  th e  
r a t  is o la te s  a re  d i f f e r e n t  fro m  a ll o th e r  re c o g n iz e d  Treponema s p e c ie s . 
A ll a re  s ig n i f ic a n t ly  s m a lle r  in  c e ll d ia m e te r ,  a n d ,  w ith  th e  e x c e p tio n  
o f  7 . pbagedenis, a ll h a ve  fo u r  o r  less p e r ip la s m ic  f la g e lla  o r ig in a t in g  
f ro m  each p o le  fS m ib e r t ,  1984a). T h e y  a re  a lso  m o rp h  o g ic a lly  a n d
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p h y s io lo g ic a l ly  d is t in c t  fro m  ?. socra'iskii ( s p .  n o v . )  (S m ib e r t  a t  
a ] . ,  1 9 8 4 b ), 7 . succhdrophilum ( s o .  n o v . )  (P a s te r  a n d
C a n a le -P a ro le ,  1935) a n d  T. pectinovorum ( s p .  n o v . )  (S m ib e r t  a n d  
B u rm e is te r ,  1U 3 3 ), a ll o f  w h ic h  h a v e  been  d e s c r ib e d  s in c e  th e  1984 
e d it io n  o f  B e rg e y 's  M a nua l o f  S y s te m a tic  B a c te r io lo g y  wa» p u b lis h e d  
( C a n a le -P a ro la ,  1 9 8 4 ).
B io c h o m ic ^ l ly , th e  r a t  m u i t i f i b r i l b r  is o la te s  a re  s im ila r  to  T. 
phugedenis, T. hyodysent eriae an d  7 Jnnocens, a ll o f w h ic h  b e lo n g  
to  th e  c a r b o h y d ra te - fe r m e n t in g  g ro u p  o f Treponema in  th e  c la s s i 
f ic a t io n  s y s te m  o f  S m ib e r t ,  1984a. N e v e r th e le s s ,  t h e i r  u n iq u e  
f a t t y - a c id  a n d  l ip id  com p o s itio n s*, u n u s u a l A P I-Z Y M  re a c t io n  p a t te rn  
a n d  C N A  G *C  mol% '•a tio  o f  3 0 .7  m akes th e m  d is t in c t  fro m  th e s e  
Treponema s p e c ie s . I t  is  p ro p o s e d  th a t  th e  r a t  m u l t i f ib r i l la r  is o la te s  
r e p r e s e n t  a new  s p e c ie s , w ith  th e  p ro p o s e d  nam e o f  Treponema caeci 
a n d  is o la te  T 9  ( A T C C  43151) as th e  t y p e  s t r a in .
D e s c rip tio n
Treponew-J cjeci sp . nov j C o w le y  an d  H ill I ' c a e  ci M .L .  a d j .  o f 
t h e  caecu m )
H e lica l ce l ls  m easu rin g  0 . 4 b  x 8 -12um ,  e x h i b i t i r i g  r e g u l a r ,  loose 
c o i l s .  M o t i le  b y  R,,„»ns f  seven  o r  e i g h t  p e n p l a s m i :  f la g e lla  in s e r t e d  
a t  each  e n d  o f  t h e  p r o t o p la s m i c  c y l i n d e r ,  o v e r l a p p i n g  m  t h e  c e n t r a l  
r e g io n  o f  t h e  cell An o u t e r  s h e a th  s u r r o u n d s  b o t h  p e n p la s m ic  
f i b r i l s  af-d p r o t o p la s m i c  c y lin d e r . G r a m - n e g a t i v e  G r o w t h  a t  42 
a n d  37°C  b u t  n o t  3 0 ° C . O b lig a te  a n a e ro b e .  R e q u i r e s  s e r u m  f o r  
g r o w t h .  Pos it  ve  f o r  a e s c j l i n  h y d r o l y s i s ,  w e a k l y  h y d r o l y s e ?  g e l a t i n ,  
a n d  w e a k ly  h a e m o l y t i c . N e g a tiv e  fo r  o x id a s e ,  c a t a U s e ,  n i t r a t e  r e ­
d u c t i o n ,  s t a r c h  h y d r o l y s i s ,  in d o le  p r o d u c t i o n , H 2S p ro d u c tio n , an d  
u r e a s e .  N e g a t i v e  f o r  o rn ith in e , l y s i n e ,  a n d  a r g i n i n e  d e c a rb o x y la s e .
I l l
Does n o t g ro w  on a g a r  m ed ium  c o n ta in in g  1% b i le ,  5% NaCI n o r  1% 
g ly c in e .  F e rm e n ts  la c to s e , m annose , a n d  x y lo s e ,  w e a k ly  fe rm e n ts  
in u l in  an d  in o s ito l.  V a r ia b le  g a la c to s e  fe rm e n ta t io n .  Does n o t 
fe rm e n t  a ra b 'n o s e ,  c e llo b io s e , d u lc i t o l ,  f r u c to s e ,  g lu c o s e , g ly c o g e n ,  
g ly c e ro l ,  m a lto s e , m a n n ito l,  m e lib io s e , r a f f in o s e ,  rh a m n o s e , r ib o s e ,  
s a l ic in ,  s o r b i t o l ,  s o rb o s e , s ta rc h  (p H )  a n d  s u c ro s e .  P ro d u ce s  a c e t ic  
a c id  an d  t ra c e  a m o u n ts  o f  b u t y r ic  a c id .  G u a n in e  * c y to s in e  c o n te n t  
o f  D N A  is  30.7m ol%  ( T m ) .  In d ig e n o u s  to  r a t  caecu m . T y p e  s t r a in :  
T 9 ; d e p o s ite d  w ith  th e  A m e ric a n  T y p e  C I tu r e  C o lle c tio n  u n d e r  th e  
n u m b e r  A T C C
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D IS C U S S IO N  A N D  C O N C L U S IO N S
S p iro c h a e te s  h a v e  been seen in  th e  g a s t r o in te s t in a l c o n te n ts  o f 
v a r io u s  an im a ls  s in c e  th e  t u r n  o f  th e  c e n t u r y ,  b u t  h a ve  n e v e r  been 
p ro v e n  u n e q u iv o c a b ly  to  be  a u to c h th o n o u s ,  a lth o u g h  s p e c u la t io n s  
on  t h e i r  a u to c h th o n o u s  s ta tu s  h a v e  been m ade (S a v a g e , 1983). In  
th is  s tu d y ,  i t  w as show n  th a t  th e  'c la s s ic a l"  s p iro c h a e te  p o p u la t io n  
in  th e  c o n v e n tio n a l r a t  G IT  is  h e te ro g e n e o u s , an d  th a t  a t le a s t f o u r  
d is t in c t  ty p e s  a re  p re s e n t .  T h e se  s p iro c h a e te s  a re  u l t r a s t r u c t u r a t ly  
b io c h e m ic a lly  a n d  p h y s io lo g ic a l ly  d is t in g u is h a b le  (F ig s .  4 6 - / 9 , T a ­
b le s  8  a n d  9 ) .  In  a d d it io n  la rg e ,  h e lic a l b a c te r ia  p o s s e s s in g  b o th  
p e r ip la s m ic  f ib r i l s  an d  f la g e lla  l ik e  a p p e n d a g e s  w e re  re c o g n iz e d  as 
co m p o n e n ts  o f th e  g a s t r o in te s t in a l f lo r a  o f th e  d is ta l sm all in te s t in e ,  
caecum  a n d  c o lo n . T h e se  m ic ro o rg a n is m s  a re  p ro b a b ly  a lso  m em bers 
o f  th e  Spirocbaei ales o r d e r .
O f th e  fo u r  ty p e s  o f  "c la s s ic a l"  s p iro c h a e te s  is o la te d  fro m  th e  r a t  
G IT ,  t h r e e  f u l f i l le d  a ll re q u ire m e n ts  fu r  a u t .o c h th o n ic i ty : g re w
a n a e ro b ic a lly ,  w e re  p re s e n t  in a ll a d u lts ,  c c io n iz e d  th e  g u t  o f  th e  
in fa n t  an im a l an d  m a in ta in e d  s ta b le  p o p u la t io n s  in  p a r t ic u la r  a re a s  
o f t h e  t r a c t  nam e ly ,  t h e  la rg e  in te s t i n e .  T h e  tre p o n e m e s  w ith  t i ie  
1-2-1 p e n p ia s m it  l i b r i l  a r - a n g e m e n t  a re  a lso  b e lie v e d  to  be  
a u to c h th o n o u s  t o  th e  ra t  G IT ,  e ven  th o u g h  th e y  w e re  o n ly  seen in  
14 o f  th e  15 ra ts  exa m in e d  ( F ig .  4 d ) .  T h e  la rg e  " a t y p ic a l”  
s p iro c h a e te s  a lso  f u l f i l le d  a ll re q u ire m e n ts  vor  a u to c h th o n ic ity  e x c e p t 
th a t  no  s ta te m e n t on o x y g e n  g r o w  h re q u ire m e n ts  can be m ade s in c e  
th e y  w e re  n e v e r  c u l t i v a t e d  in vitro.
O f th e  fo u r  s p iro c h a e te  s u b -p o p u la t io n s  d i f fe r e n t ia te d  in  th e  ra t  
g u t ,  o n ly  one o f  th e s e , th e  m u l t i f ib r i l la r  o rg a n is m s , re s id e d  in  th e
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c r y p ts  o f  th e  la rg e  in te s t in e .  T h is  o rg a n is m  w as n o t  r e s t r ic te d  to  
th e  c r y p ta l  h a b ita t ,  an d  w as f r e q u e n t ly  seen in te r m in g l in g  w ith  
o th e r  e p im u ra l in h a b ita n ts  on  th e  m ucosa as w e ll as in  lum en c o n ­
t e n ts ,  In  on e  w e a n lin g  r a t ,  b a c te r ia  w ith  t h is  m o rp h o lo g y  a t ta in e d  
e x c e p t io n a lly  h ig h  p o p u la t io n  d e n s it ie s  a n d  w e re  p r e s e n t  in  la rg e  
n u m b e rs  in  e v e r y  caeca l c r y p t  ( F ig s .  32 a n d  3 4 ) .  A n y  d e t r im e n ta l 
e f fe c t  t h a t  t h is  c o lo n is a tio n  m ay h a v e  had  on th e  h o s t ,  w as n o t  a p ­
p a r e n t .  I t  is  n o t k n o w n  w h e th e r  t h is  m a s s iv e  c o lo n iz a tio n  is  a 
g e n e ra l phe no m e n o n  o f  w e a n lin g  r a ts ,  b u t  i f  i t  is ,  th e n  h o m e o s ta tic  
fa c to r s  in  th e  g u t  c o u ld  h a v e  re d u c e d  n u m b e rs  to  t h a t  o f  th e  c lim a x  
c o m m u n ity ,  s in c e  th e  in fa n t  s a c r if ic e d  th e  fo l lo w in g  d a y  d id  n o t  
d is p la y  a s im i la r  c o lo n iz a tio n  p a t te r n .  I t  is  a ls o  p o s s ib le  th a t  th e s e  
m u l i f i b r i l l a r  s p iro c h a e te s  h a v e  a low  in h e re n t  p a th o g e n ic  p o te n t ia l ,  
s in c e  th e y  w e re  f r e q u e n t ly  seen w i th in  e p ith e lia l c e lls  an d  e ve n  in  
th e  la m ina  p r o p r ia  ( F ig .  1 3 ) .  T h e  a p p a re n t  la c k  o f  an im m une r e ­
sp o n s e  to w a rd s  th e  s p iro c h a e te s  s t r o n g ly  s u g g e s ts  t h a t  t h e y  w e re  
to le r a te d  and  p ro b a b ly  n o t e ve n  re c o g n iz e d  as fo re ig n  in v a d e r s ;  
p o s s ib ly  b y  th e  s h a r in g  o f  h o s t  a n t ig e n s  o r  m a s k in g  o f  s p iro c h a e te  
a n t ig e n s  b y  th e  e x te r n a l s h e a th .  M o rp h o lo g ic a l ly ,  th e s e  
s p iro c h a e te s  a e s im ila r  to  th e  in te s t in a l p a th o g e n  T. hyodysenteriae 
(a s  w e ll as T. inr.ocens) a n d  p e rh a p s  th e s e  o rg a n is m s  a re  a ll 
p h y lo g e n ic a l ly  re la te d .  T h e  m echan ism  b y  w h ic h  th e s e  b a c te r ia  
p e n e tr a te  th r o u g h  th e  ce ll m e m b ra n e  is  o b s c u re ,  s in c e  is o la te s  o f  
s im ila r  m o rp h o lo g y  la d  ed b o th  t r y p s in  a n d  c h y m o t ry p c in  a c t iv i t ie s  
as sh o w n  b y  th e  A P I - Z V M re a c t io n  (T a b le  8 ) .  T r y p s in  is  th o u g h t  
to  be  a v ir u le n c e  d e te rm in a n t  o f  b a c te r ia  in v o lv e d  in  p e r id e n ta l 
d is e a s e , a lth o u g h  la rg e  o ra l s p iro c h a e te s  a lso  p e n e tra te  th ro u g h  ce ll 
m e m b ra n e s  in  th e  ab se n ce  o f  t r y p s - n  a c t iv i t y  (L a u g h o n  et al., 
1 9 8 2 ). T h e  is o la te d  s p iro c h a e te s  a lso  la c k e d
N - a c e ty l - 3 -g lu c o s a m 1 n lo a se  a c t iv i t y  w h ic h  is a n o th e r  e n zym e  in v o lv e d  
i r  th e  b re a k d o w n  o f  t is s u e - g r o u n d  .,u b s ta n c e  o r  h y a lu r o n ic  a c id .
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xjr
E a r l ie r  r e p o r ts  t h a t  s p iro c h a e te s  a re  p r e f e r e n t ia l ly  lo c a liz e d  a t  th e  
e p ith e lia l s u r fa c e ,  w e re  n o t  c o n f irm e d  m  th is  s tu d y .  A ll f o u r
s p iro c h a e te  ty p e s  w e re  seen in  lu m en c o n te n ts ,  w h ile  th e
s p iro c h a e te s  w ith  th e  2 -4 -2  a n d  3 - 6 - 3  p e r ip la s m ic  f la g e lla  a r ra n g e ­
m e n ts  e ve n  a p p e a re d  to  p r e f e r  t h is  e n v iro n m e n t  (F ig s .  4 b  an 4 c ) .  
A t te m p ts  to  a c c u ra te ly  id e n t i f y  s p e c if ic  h a b ita ts  o f  d i f f e r e n t  
s p irc c h a e te  ty p e s  w e re  u n s u c c e s s fu l ,  a n d  m e re ly  e m p h a s ize d  th e
b ro a d  d is t r ib u t io n  o f  th e  s p iro c h a e te s  in  th e  d is ta l G IT .
F rom  b io c h e m ic a l t e s ts ,  fe w  s p e c u la t io n s  on th e  n ic h e s  t h a t  
s p iro c h a e te s  o c c u p y  in  th e  g u t  can  b e  m ade. T h e  la c k  o f g r o w th  
on is o la t io n  m ed iu m  c o n ta in in g  p o ly g a la c tu r o n ic  a c id ,  s t r o n g ly  s u g ­
g e s ts  t h a t  r a t  g a s t r o in te s t in a l s p iro c h a e te s  d o  n o t d e g ra d e  p e c t in .  
T h e  caecum  is  an a re a  o f  th e  g u t  w h e re  th e  in te s t in a l f lo w  is  re d u c e d  
a n d  b a c te r ia l d e g ra d a t io n  o f  p la n t  p o ly m e rs  is  k n o w n  to  o c c u r ,  a i.J  
as s u c h  i t  is  s u r p r is in g  t h a t  p  - t i n o ly t ic  tre p o n e m e s  w e re  n o t  is o ­
la te d .  S in c e  s e v e ra l p e c t in o ly t ic  t ro p o n e m e s  fro m  th e  ru m e n  a n d  
o ra l c a v i ty  h a v e  bee n  is o la te d  ( S m ib e r t  an d  B u rm e is te r ,  1983; W e b e r 
a n d  C a n a ie -P a ro la , 1984; Z to le c k i e t al., 1975; Z io le c k i ,  1 9 7 9 ), 
s p iro c h a e te s  w ith  th is  a t t r ib u te  a re  l ik e ly  to  re s id e  in  th e  caecum  
a n d  m ore  p e r s is te n t  e f fo r t s  to  is o la te  th e s e  o rg a n is m s  s h o u ld  be 
m ade. T h e  is o la t io n  o f  p e c t in o ly t ic  s p iro c h a e te s  was n o t  a c t iv e ly  
p u rs u e d  in  th is  s tu d y .
T h e  a b i l i t y  to  h y d r o ly s e  m u c in  as s u g g e s te d  b y  th e  C a C I2 te s t ,  
w o u ld  be a d is t in c t  e c o lo g ic a l a d v a n ta g e  to  in te s t in a l s p iro c h a e te s ,  
p a r t ic u la r ly  th o s e  lo c a liz e d  d ee p  w i th in  c r y p ts  w h e re  a h ig h  c o n ­
c e n t r a t io n  o f  m u c in  w o u ld  be  p r e s e n t .  A l th o u g h  th e  m e chan ism  o f 
h y d r o ly s is  is  u n k n o w n , i t  w o u ld  a p p e a r  as i f  s u g a r  m o ie tie s  a re  n o t 
h y d ro ly s e d  fro m  th e  m u c in  m o le cu le  s in c e  none  o f  th e  is o la te s  d is ­
p la y e d  e n z y m ic  a c t iv i t ie s  f o r  th e  s u g a r - l in k a g e s  n o rm a lly  a sso c ia te d  
w ith  m u c in : a -g a la c to s id a s e ,  a -g lu c o s id a s e ,  a - fu c o s id a s e ,  an d  N
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a c e ty l-B -g lu c o s a m in id a s e  ( T a b le  8 ) .  T h e  p o s i t iv o  re a c t io n s  f o r  
a e s c u lin  h y d r o ly s is ,  6  g a la c to s id a s e  a n d  g lu c o s id a s e  h o w e v e r  does 
in d ic a te  t h a t  some g ly c o s id ic  a c t iv i t y  is  p r e s e n t .  I t  is  m o re  l ik e ly  
h o w e v e r ,  t h a t  m u c in  is  s u b je c te d  to  p r o te o ly t ic  a t ta c k ,  th u s  g iv in g  
a p o s it iv e  r e s u lt  w i th  C a C I2 p r e c ip i t a t io n .  S p iro c h a e te  is o la te  G40 
d is p la y e d  p ro n o u n c e d  p r o te o ly t ic  a c t iv i t y  on  g e la t in  a lth o u g h  o th e r  
is o la te s  w e re  less p r o t e o ly t ic .  D e s p ite  h a v in g  p r o te o ly t ic  a c t iv i t y ,  
t h e  m u i t i f ib r i l la r  s p iro c h a e te  is o la te s  d id  n o t  a p p e a r  to  u t i l iz e  th e  
re le a se d  am ino  a c id s ,  s in c e  th e y  w e re  n e g a tiv e  f o r  d e c a rb o x y la s e  
re a c t io n s ,  N H * p r o d u c t io n  a n d  H ,S  p r o d u c t io n  ( T a b le  7 ) .  T h e  
m u i t i f ib r i l la r  s p iro c h a e te  is o la te s  d id  n o t  h a v e  a n y  o f  th e  a ry la m id a s e  
e nzym es a ssa ye d  f o r  in  th e  A P i-Z Y M  re a c t io n  (T a b le  8 ) a lth o u g h  th e  
s p iro c h a e te  is o la te s  w i th  th e  3 - 6 -3  p e r ip la s m ic  f i b r i l  a r ra n g e m e n t 
d id  d is p la y  th e  a b i l i t y  to  u t i l iz e  le u c in e  a n d  p o s s ib ly  c y s te in e .  In  
th e  g u t  e n v iro n m e n t th e s e  a m ino  a c id s  c o u ld  b e  s c a v e n g e d  f ro m  o th e r  
a c t iv e ly  p r o te o ly t ic  b a c te r ia .
T h a t  th e  is o la te d  s p iro c h a e te s  a re  h ig h ly  a d a p te d  to  t h e i r  In vivo 
h a b ita t ,  is  sh o w n  b y  th e  p h y s ic a l c o n d it io n s  n e c e s s a ry  f o r  t h e i r  
c u l tu r e .  T e m p e ra tu re s  s im i la r  to  th o s e  e n c o u n te re d  in  th e  G IT  ( ie .  
3 7 -4 0 °C )  w e re  r e q u ire d  f o r  g r o w th .  In vivo th e s e  b a c te r ia  w o u ld  
b e  a c t iv e ly  m o tile  in  th e  v is c o u s  m u c u s , w h ic h  w o u ld  b e  c o m p a ra b le  
to  t h e i r  m ovem en t th r o u g h  a g a r  m e d iu m . F u r th e rm o r e ,  th e  
s p iro c h a e te s  r e q u ire d  a n a e ro b ic  c o n d it io n s  f o r  r e p lic a t io n ,  a lth o u g h  
th e  la rg s  m u i t i f ib r i l la r  is o la te s  ( b u t  n o t th e  o th e r  is o la te s )  c o u ld  
to le ra te  b r ie f  e x p o s u re s  to  a tm o s p h e r ic  o x y g m .  T o le ra n c e  to  o x y ­
ge n  c o u ld  b e  an im p o r ta n t  f a c to r  f o r  b a c te r ia  in  c lo se  c o n ta c t  w ith  
th e  e p ith e liu m ,  s in c e  o x y g e n  s u p p lie d  to  th e  c e l ls ,  m ay d i f fu s e  
th ro u g h  th n  c e l lu la r  m e m b ra n e  ( C la rk e ,  1 9 7 7 ). T h e  m echan ism  b y  
w h ic h  s p iro c h a e te s  o v e rc o m e  o x y g e n  t o x ic i t v ,  is  u n k n o w n , s in ce  
n e ith e r  ca ta la s e  n o r  o x id a s e  a c t iv i t y ,  c o u ld  be  d e te c te d  ( T a b le  7 ) .  
In  th e  in vivo s itu a t io n  th e  o rg a n is m s  m ay u t i l iz e  h o s t e nzym es f o r
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p r o te c t io n  a g a in s t  t o x ic  o x y g e n  ra d ic a ls .  S im ila r  re p o r ts  h a v e  been 
m ade f o r  b o th  T. pallidum a n d  7 . byodysenteriae, b o th  o f  w h ic h  
u t i l iz e  h o s t s u p e ro x id e  d is m u ta s e  a n d  ca ta la s e  to  o ve rco m e  o x y g e n  
t o x ic i t y  ( A u s t in  et al., 1981, F i tz g e ra ld  et al., 1976; S te in e r  at 
al., 198 3 ).
I t  is  s u r p r is in g  t h a t  th e  f o u r  m o rp h o lo g ic a lly  d is t in c t  s p iro c h a e te s  
a ll h a d  an o b l ig a te  se ru m  re q u ire m e n t  a n d  none  re q u ire d  s h o r t  c h a in  
fa tx y - a c id s ,  w h ic h  w o u ld  be p r e s e n t  in  lu m en c o n te n ts .  M any 
Treponema sp e c ie s  can s y n th e s iz e  lo n g  c h a in  f a t t y  a c id s  fro m  s h o r t  
c h a in  f a t t y  a c id s ,  a n d  on e  w o u ld  e x p e c t  s p iro c h a e te s  is o la te d  fro m  
th e  lu m en c o n te n ts  to  h a v e  th is  a b i l i t y .  In  th e  g a s t r o in te s t in a l 
e c o s y s te m  th e  re q u ire m e n t  f o r  lo n g  c h a in  f a t t y  a c id s  c o u ld  be  s u p ­
p l ie d  b y  m ucous  s e c re t io n s ,  o f  w h ic h  40% in  th e  r a t  is  in  th e  fo rm  
o f  l ip id s  (S lo m ia n y  and  S lo m ia n y , 1 9 8 4 ). T h is  l ip id  c o m p o n e n t 
c o n s is ts  o f  n e u t r a l l ip id s  ( f r e e  f a t t y  a c id s ,  c h o le s te ro l,  m o n o - , d i -  
a n c  t r ig ly c e r id e s )  n d  p h o s p h o lip id s  ( p h o s p h a t id y lc o l in e ,  
s p h in g o m y e lin ,  ly s o p h o s p h a t id y lc h o lin e  a n d
p h o s p h a t id y le th a n o la m in e )  (S lo m ia n y  a n d  S lo m ia n y , 198 4 ). P e rh a p s  
s p iro c h a e te s  is o la te d  fro m  lum en c o n te n ts  d e r iv e  t h e i r  lo n g  c h a in  
fa t t y - a c id s  fro m  m ucous  s e c re t io n s  in  m ore  p ro x im a l re g io n s  o f  th e  
G IT .  M os t f a t t y  a c id s  fro m  d ie ta r y  l ip id s  a re  a b s o rb e d  in  th e  sm all 
in te s t in e  a lth o u g h  some u n s a t j r a te d  f a t t y  a c id s  do  re a ch  th e  lo w e r  
g u t  ( P r in s ,  197 7 ). A l th o u g h  th e y  d id  n o t  r e q u ir e  s h o r t  c h a in  f a t t y  
a c id s  f o r  g r o w th ,  th e  m u l t i f ib r i l la r  s p iro c h a e te  is o la te s  p o sse sse d  
e s te ra s e  en zym e s  w h ic h  c o u ld  d e g ra d e  th e s e  c o m p o u n d s , b u t  s u r ­
p r is in g ly  la c k e d  lip a s e  e nzym es w h ic h  w o u ld  d e g ra d e  lo n g e r  c h a in  
f a t t y  a c id s  ( T a b le  8 ) .
T h e  ta n  c o lo u ra t io n  o f th e  m u l t i f ib r i l la r  is o la te s  g ro w n  on p la te s  
c o n ta in in g  h o rs e  b lo o d  b u t  n o t o th e r  s a rd , and  th e  id e n t if ic a t io n  o f 
t h is  p ig m e n t as a c a ro te n o id ,  s u g g e s ts  th a t  th e  s p iro c h a e te s  m ay
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h a v e  a b s o rb e d  th e  6 -c a ro te n e s  w h ic h  a re  in t r in s ic a l ly  p re s e n t  a t  
h ig h  c o n c e n tra t io n s  in  h o rs e  b lo o d  ( F o x ,  1976 ' In  th e  r a t  in te s t in e  
w a ll,  c a ro te n e  is  c o n v e r te d  to  v ita m in  A , (F o x ,  197 6 ), a n d  i t  is  
te m p t in g  to  s p e c u la te  t h a t  th e  s p iro c h a e te s  r e s id in g  w i th in  th e  
c r y p ts  an d  on  th e  m ucosa l e p ith e liu m  a re  in v o lv e d  in  t h is  p ro c e s s ,  
p e rh a p s  b y  m e re ly  c o n c e n tr a t in g  8 -c a ro te n e  a t th e  m ucosa l w a ll an d  
m a k in g  th e  p ig m e n t a v a ila b le  f o r  h o s t c o n v e rs io n .  S y m b io tic  r e ­
la t io n s h ip s  b e tw e e n  in te s t in a l p ro k a r y o te s  an d  e u k a ry o te s ,  in  w h ic h  
th e  b a c te r ia  s u p p ly  v ita m in s  f o r  th e  h o s t a re  k n o w n  to  e x is t .  
In te r e s t in g ly ,  is o la te  G 40, w h ic h  w as th e  m ost p ig m e n te d  o f  a "  th e  
if o la ts s .  o r ig in a te d  fro m  th e  caeca l e p ith e liu m .
D e s p ite  th e  in vitro is o la t io n  o f  f o u r  m o rp h o lo g ic a lly  d is t in c t  
t re p o n e m is ,   ^ !y  one  o t th e s e  w as e x te n s iv e ly  c h a ra c te r iz e d .  I t  is  
u n fo r tu n a te  th a t  c o m p le te  c h a ra c te r iz a t io n  o f  a ll is o la te s  w as n o t 
a c h ie v e d  in  tn is  s tu d y ,  b u t  d i f f i c u l t y  in  m a in ta in in g  v ia b le  c u l tu r e s  
f o r  e x te n d e d  p e r io d s  o f  t im e  was e x p e r ie n c e d .  B io ch e m ica l p a ra m ­
e te rs  n o rm a lly  used  to  d i f f e r e n t ia t e  a n a e ro b ic  b a c te r ia  w e re  n o t 
u s e fu l f o r  c h a ra c te r iz in g  th e  is o la te d  s p iro c h a e te s .  N e v e r th e le s s ,  
d i f fe re n c e s  in  G *C  mol% r a t io s ,  f a t t y  a c id  p r o f i le s ,  l ip id  c c r r in o s it 'o n s  
a n d  u n iq u e  A P I-Z Y M  p r o f i le s ,  a ll s u g g e s t  th a t  th e  r a t  m u l t i f ib r i l la r  
is o la te s  a re  d is t in c t  f ro m  o th e r  Treponema sp e c ie s  in c lu d in g  th e  
m o rp h o lo g ic a lly  s im ila r  s t ra in s  o f  7. innocsns a n d  T. 
byodysenteriae. A r e p r e s e n ta t iv e  o f  th e  la rg e  m u l t i f ib r i l la r  
s p iro c h a e te  is o la te d  f ro m  th e  r a t  g u t  ( is o la te  T 9 ) has bee n  s u b m it te d  
to  th e  A m e ric a n  T y p e  C u ltu r e  C o lle c t io n  (A T T C )  and  th e  n u m b e r  
43151 has been  a llo c a te d  to  t h is  is o la te .  A m a n u s c r ip t  in  w h ic h  th is  
o rg a n is m  is  g iv e n  th e  p ro p o s e d  nam e o f  Treponema caeci is  p r e s e n t ly  
b e in g  p re p a re d .
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A P P E N D IX  A
LIGHT MICROSCOPIC STAINING OF SPIROCHAETES
1. Modified Gram stain 
reagents
Z ie h l-N e e ls e n  c a rb o l fu c h s in
F u c h s in  w a s d is s o lv e d  in  th e  p h e n o l b y  I e a r in g  u n d  s t ';a n o l was 
a d d e d . A f t i * *  m ix in g ,  th e  w a te r  w as a d d e d  a n d  s ta in  wa*. f i l t e r e d .
G ra m 's  io d in e
P o ta ss iu m  ;o d id e  w as d is s o lv e d  in  sm all a m o u n t o f  w a te r ,  io d in e  was 
a d d e d  a n d  w h e n  d is s o lv e d  th e  v o lu m e  m ade u p  to  1 0 0 m l
A c e to n e -a lc o h o l
3 0 m l a ce to n e , 7 0 m l e th a n o l.
C r y s ta l v io le t
0.5% c r y s ta l  v io le t  (B D H ) in  d is t i l le d  w a te r .
M e th o d
1. Samp re  h e a t - f ix e d ,  a n d  f lo o d e d  w i th  c r y s ta l  v io le t  f o r  1
2 . F ilm  w as w a sh e d  w ith  w a te r ,  a n d  f lo o d e d  w ith  G ra m 's  io d in e  f o r  
1 m in .
3 . A f te r  w a s h in g  in  w a te r ,  th e  f i lm  was d e c o lo u r is e d  b r ie f ly  w ith  
a c e to n e -a lc o h o l a n d  c o u n te r - s ta in e d  w i th  c a r b o l- f u c h s in  f o r  3 -4  
m in .
4 . T h e  f i lm  was w a sh e d  w ith  w a te r ,  d r ie d ,  an d  e xa m in e d  u n d e r  an 
o i l - o b je c t iv e  le n s  (X 1 0 0 0 ).
S p iro c h a c te s  an d  g ra m -n e g a t iv e  b a c te r ia  s ta in e d  re d ;  g r a m -p o s it iv e
b a c te r ia ,  m a g e n ta  in  c o lo u r .
b a s ic  fu c h . t in  ( B O H ) 
p h e n o l c ry s c .t is  
e th a n e !
d is t i l le d  w a te r
0.5g
2.5g
j . O m t
5 0 m l
io d in e ,  re s u b lim e d  
p o ta s s iu m  io d id e  
d is t i l le d  w a te r
2 : 0 g
1 0 0 m l 
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A P P E N D IX  A  ( c o n t in u e d )
L IG H T  M IC R O S C O P IC  S T A IN IN G  O F S P IR O C H A E T E S
2 . F o n ta n a  S ta in  
R e a g e n ts
F o rm o l-a c e t ic  a c id  f ix a t iv e
fo rm a ld e h y d e  (40%) 
g la c ia l a c e t ic  a c id  
d is t i l le d  w a te r
P h e n o l- ta n n ic  a c id  m o rd a n t
p h e n o l c r y s ta ls  
ta n n ic  a c id  
d is t i l le d  w a te r
S i lv e r  s o lu t io n
10% am m onia w as a d d e d  to  5% a q u e o u s  s o lu t io n  o f  s i lv e r  n i t r a t e  
u n t i l  th e  p r e c ip i t a te  ju s t  r e d is s o lv e d .
M e th o d
1 . H e a t- f ix e d  f i lm  w as f lo o d e d  w ith  fo rm o l-a c e t ic  a c id  f ix a t iv e  r e ­
p e a te d ly  f o r  1 - 2  m in .
2 . T h e  f i lm  was w a sh e d  w ith  a b s o lu te  e th a n o l a n d  th e n  f lo o d e d  w ith  
e th a n o l f o r  3 m in ,
3 . T h e  f i lm  w as d r ie d ,  p h e n o l- ta n n ic  a c id  m o rd a n t  a p p lie d ,  a n d  
h e a te d  f o r  30 sec a f te r  s team  had  fo rm e d .
4 . A f te r  w a s h in g  w ith  d is t i l le d  w a te r  a n d  d r y in g ,  s i lv e r  s o lu t io n  
was a d d e d  f o r  1 0  s e c o n d s , d r a in e d ,  f r e s h  s i lv e r  s o lu t io n  p la c e d  
on  th e  f i lm  a n d  th e  s lid e  h e a te d  u n t i l  th e  f i lm  w as a l ig h t  g o ld e n  
b ro w n  in  c o lo u r .
5. F ilm  w as w a sh e d  in  d is t i l le d  w a te r ,  d r ie d  a n d  e xa m in e d  u n d e r  
o i l o b je c t iv e  le n s  (X 1 C 0 0 ).
S p iro c h a e te s  s ta in e d  b r o w n is h - b la c k ;  b a c k g ro u n d  s ta in e d  y e llo w .
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1 0 m l
Im l
100m l
1 0g  
5 .0 g
100m l
A P P E N D IX  B
E L E C T R O N  M IC R O S C O P Y
1 . N e g a t iv e  s ta in in g  
R e a g e n ts
P h o s p h o tu n g s t ic  a c id
A  2.5%  a q u e o u s  s o lu t io n  o f  p h o s p h c tu n g s t ic  a c id  w as m ade , th e  
pH  a d ju s te d  to  6 . 8  u s in g  NaOH a n d  f i l t e r e d  th ro u g h  a 0 . 45um 
f i l t e r .
B a c te r ia  w e re  p la c e d  o n to  a fo rm v a r  c o a te d , c a rb o n  re in fo r c e d  
g r id  a n d  a llo w e d  to  a d s o rb  f o r  2 -3  m in u te s . E xce ss  c u l tu r e  
w as d ra w n  o f f  u s in g  f i l t e r  p a p e r ,  a d r o p  o f  p h o s p h o tu n g s t ic  
a c id  w as p la c e d  o n to  th e  g r id  a n d  e xce ss  was im m e d ia te ly  d ra w n  
o f f .
2 .  P h o s p h a te  b u f fe r
S to c k  s o lu t io n s  o f  0 .2 M  K jH P O *  an d  K H 2 PO* w e re  p re p a r e d ,  
a n d  72m * o f  K H ,P O t was a d d e d  to  2dm * o f  K H 2 P 0 6 to  g iv e  a 
b u f fe r  o f  pH  7 .2 .  T h is  w as d i lu te d  1 in  2 to  g iv e  a 0 .1M  
s o lu t io n .
3 .  E p o n -A ra lc M te  R e s in
T h e  a b o v e  co m p o n e n ts  w e re  m ix e d  th o r o u g h ly  a n d  0 .4 7 g  D M P -30  
w as a d d e d  a n d  m ix e d .
M e th o d





A P P E N D IX  B ( c o n t in u e d )  
E L E C T R O N  M IC R O S C O P Y
T is s u e  P ro c e s s in g
1. G lu ta r a ld e h y ^ e - t ix e d  t is s u e  was w a sh e d  in  p h o s p h a te
b u f fe r  f o r  10 -15  m m . a t 4 °C  an d  p o s t - f ix e d  in  1% O sO * in
b u f fe r  f o r  1 h o u r .
2 . T is s u e  w as w a sh e d  tw ic e  in  b u f fe r  f o r  15 m in . in  each w ash
a n d  th e n  d e h y d ra te d  in  a lc o h o l u s in g  a 50%, 70%, 90% a n d
2 x 100% s e r ie s  f o r  30 m in . in  each s o lu t io n .
3 . T is s u e  was p la c e d  in  p ro p y le n e  o x id e  f o r  20 m in ;  5 0 :5 0
p r o p y le n e - o x id e :  re s in  fo r  2 0  m in . a n d  th e n  in  re s in  f o r  
3 -4  h o u rs .
4 . T is s u e  was em be d d e d  in  re s in  an d  c u re d  f o r  24 h o u rs  a t
70°C
5 . S ta in in g  o f  t h ic k  s e c tio n s  
R e a g e n ts :
O ne % to lu id in e  b lu e  ( B D H )  d is s o lv e d  in  1% d i s o d iu m - te t ra b o ra te  
M e th o d :
S e c tio n s  w e re  f lo o d e d  w ith  s ta in ,  h e a te d  on  h o t p la te  u n t i l  
s team  fo rm e d , a n d  w a sh e d  w ith  w a te r .
A P P E N D IX  B (c o n tin u e d )
ELECTRON MICROSCOPY 
6 , S ta in in g  o f  t h in  s e c t io n s  
R e a g e n ts  
U r a n y l a c e ta te
A s u p e rs a tu ra te d  s o lu t io n  o f  u r a n y l a c e ta te  in  10% e th a n o l,  was 
m ade , a n d  th e  d e p o s it  re m o ve d  b y  c e n t r i f u g a t io n .  T  e s o lu t io n  was 
p re p a re d  w i th in  2  h o u rs  o f  b e in g  u s e d .
Lead c i t r a te
s o d iu m  c i t r a te  1. 76g
lead  n i t r a t e  1 .3 3 g
Lead n i t r a t e  a n d  s o d iu m  c i t r a te  w e re  d is s o lv e d  in  30me o f  d is t i l le d  
w a te r .  T h e  le ad  n i t r a t e  was c o n v e r te d  to  lead c i t r a te  g iv in g  thw 
s o lu t io n  a m ilk y  a p p e a ra n c e . E ig h t  m l o f  f r e s h ly  p r e p a r e d  IN  NaOH 
was a d d e d  to  th e  s o lu t io n  w h ic h  becom e c o lo u r le s s ,  a n d  th e  vo lu m e  
w as m ade u p  to  5 0 m l w i th  d is t i l le d  w a te r .  T h e  s o lu t io n  was s to re d  
a t  4 °C  f o r  3 -4  m o n th s  a n d  was f i l t e r e d  th ro u g h  a 0 .4 5 v m  f i l t e r  im ­
m e d ia te ly  b e fo re  u se .
M e th od
1. D ro p s  o f  f r e s h ly  p re p a re d  u ra n y l-a c e ta te  w e re  p la c e d  in  a
p a t r id is h ,  th e  g r id s  p la c e d  in  an in v e r te d  p o s it io n  o n to  th e  
d ro p s  a n d  s ta in e d  f o r  10 -15  m in .
2. G r id s  w e re  w a sh e d  b y  d ip p in g  10X in to  each o f  th rn e  b e a k e rs
f i l le d  w ith  f i l t e r e d  d is t i l le d  w a te r  a n d  d r ie d  on f i l ta . "  p a p e r .
3 . G r id s  w e re  s ta in e d  w ith  le a d - c i t r a te  fo r  1 0 -1 5 m in , b y  p la c in g
them  in  an in v e r te d  p o s it io n  o n to  le a d - c i t r a te  d r o p s ,  in  a
p e t r id is h  c o n ta in in g  NaOH p e lle ts .
4 . G r id s  w e re  w a sh e d  a n d  d r ie d  as d e s c r ib e d  a b o ve .
A P P E N D IX  C 
F L U O R E S C E N T  A N T .B O D Y  T R A C IN G
1. P re p a ra t io n  o f  a n t ig e n s
1. S p iro c h a ^ te s  w e re  h a rv e s te d  fro m  R G C A m a in te n a n c e  m ed iu m  
(A p p e n d ix  D ( 4 ) )  b y  f lo o d in g  a g a r  s u r  ace w ith  s a lin e  an d  
s c ra p in g  b a c te r ia  o f f  th e  p la te s  u s in g  a g la s s  s p re a d e r .
2 . B a c te r ia  w e re  w a sh e d  tw ic e  in  s a lin e  (2000g  f o r  15 m in . ) .
3 . T h e  c o n c e n tra t io n  was a d ju s te d  to  5 x  10* s p iro c h a e te s /m *  u s in g  
a N eubo 'e r  c o u n t in g  ch a m b e r to  e n u m e ra te  th e  n u m b e r  o f  
sp t-o chae .. p re s e n t .
4 . T h e  b a r te r ia  w e re  f ix e d  in  5% fo rm a lin  ( f in a l  c o n c e n tr a t io n )  a t 
4 °C  f o r  24 h o u rs ,  w a sh e d  a n d  -e s u s p e n d e d  in  e q u a l vo lu m e  o f  
s a lin e .
2 . Im m u n is a tio n  r o u t in e  a n d  p i lo t  b le e d in g
1 . O ne  m l o f  a n t ig e n  s o lu tio n  was in je c te d  in to  m a rg in a l e a r  v e in  
o f  a N ew  Z e a la n d  w h ite  r a b b i t  a t  w e e k ly  in te r v a ls  f o r  a to ta l o f 
th re e  w e e k s .
2 . F iv e  d a y s  a * te r  f in a l in je c t io n ,  iO m l o f  b lo o d  w as c o lle c te d  fro m
each r a b b i t  a n d  a llo w e d  to  c lo t  a t 3 7 °C  f o r  1 h o u r .
3 .  S e rum  w as c o lle c te d  b y  c e n t r i fu g a to n  (1000$; f o r  10 m in )  an d  
in a c t iv a te d  a t 56°G  f o r  30m in .
4 . A  tw o - fo ld  d i lu t io n  s e r ie s  to  1 in  1024 was m ade a n d  e q u a l
v o lu m e s  o f  a p p ro p r ia te  a n t ig e n  w as a d d e d  to  each d i lu t io n .
5 . T u b e s  w e re  in c u b a te d  a t 3 7 °C  f o r  2 h o u rs  fo llo w e d  b y  4 °C  f o r  
1 h o u r ,  a n d  e xa m in e d  f o r  a g g lu t in a t io n  u s in g  a lO x  h a n d  le n s e .
6 . I f  th e  a n t ib o d y  t i t r e  w as 21 in  512 , (w h ic h  w as a lw a y s  th e  c a s e ) ,  
r a b b its  w e re  a n a e s th e tiz e d  w i th  p e n ta b a rb i to n e  an d  
e x s a n g u in a te d  b y  c a rd ia c  p u n c tu r e .  S e n -n  c o m p o n e n ts  w e re  




A P P E N D I X  C  ( c o n t i n u e d )
F LU O R E S C E N T  A N T IB O D Y  T R A C IN G
3 . Im m u n o g lo b u lin  p u r i f ic a t io n  (W a lk e r  et al., 1971).
1. pH  o f  s e ru ^ i w as a d ju s te d  to  8 .5 .
2 . S e ru m  was d i lu te d  w i th  s a lin e  b y  a d d in g  a vo lu m e  e q u a l to  h a lf  
th e  o r ig in a l  vo lu m e  o f  s e ru m .
3 .  W h ile  b e in g  s t i r r e d ,  a vo lu m e  o f  R iv a n o l (2  e th o x y  6 ,9  
d ia m in o -a c r id in e  la c ta te  (S ig m a ) ,  e q u a l to  3 .5  tim e s  th a t  o f  th e  
o r ig ia n l  vu lu m e  was a d d e d .
4 .  S e ru m  was c e n t r i f u g e d  a t 15 OOOg fo r  10 m in  a n d  th e  y e llo w  
p e l le t  d is c a rd e d .
5 . R iv a n o l in  th e  se ru m  w as p re c ip ita te d  b y  a d d in g  sa . i r a te d  K B r  
to  th e  s u p e rn a ta n t  a t  a vo lu m e  e q u a l to  h a lf  th e  o r ig in a l  se ru m  
vo lu m e  an d  c e n t r i f u g in g  a t 30 OOOg f o r  20 m in .
6 . T o  th e  s u p e rn a ta n t ,  an e q u a l vo lu m e  o f  s a tu r a te d  am m onium  
s u lp h a te  was s lo w ly  a d d e d .
7. Im m u n o g lo b u lin s  w e re  p r e c ip ita te d  a t 4 °C  f o r  30 m in .
8 . P r e c ip ita te  w as c o lle c te d  b y  c e n t r i f u g a t io n  (15  OOOg f o r  10 m in ) 
an d  re d is s o lv e d  in  a vo lu m e  o f  s a lin e  (p H  7 .8 )  e q u a l to  th e  o r ­
ig in a l vo lu m e  o f  s e ru m .
9 . A m m on ium  s u lp h a te  p r e c ip ita t io n  was re p e a te d  a n d  th e  f in a l 
p r e c ip i t a te  d is s o lv e d  in  th e  s m a lle s t p o s s ib le  a m o u n t o f  s a lin e  
an d  d ia ly s e d  a g a in s t  d is t i l le d  w a te r  a t 4 °C  f o r  3 d a y s .
10. S e ru m  was f i l t e r  s te r i l iz e d  a n d  s to re d  a t  4 °C .
1 6 5
A P P E N D I X  C
FLUORESCENT ANTIBODY TRACING (continued)
4. Protein concentration
Reagents
B iu r e t  re a g e n t
C * 'S O * . 5H t O 1. 5g
K N a C . H t O .d H .O  6 . 0 g
d is t i l le d  w a te r  500m t
A b o v e  re a g e n ts  w e re  d is s o lv e d  in  th e  w a te r ,  10% ( w t / v o l )  NaOH was 
a d d e d  a n d  th e  vo lu m e  m ade u p  to  I t .
M e th o d
1. T w o  m t o f  B iu r e t  re a g e n t was a d d e d  to  0 .5 m l o f  g lo b u l in  
p r e p a ra t io n  a n d  in c u b a te d  a t room  te m p e ra tu re  f o r  3 0 m in .
2 . O p tic a l d e n s ity  a t  540nm w as re a d  an d  p r o te in  c< n c e n tr a t io n  was 
d e te rm in e d  b y  r e fe r r in g  to  a re fe re n c e  c a l ib r a t io n  c u r v e  c o n ­
s t r u c te d  fro m  d i lu t io n s  o f b o v in e  se ru m  a lb u m in  ( F ig .  5 7 ) .
Table 12. Globulin concentration of purified antisera 
raised against various spirochaete isolates.
a n t ig e n g lo b u lin  c o n c e n tra t io n  
( m g /m l)
D29 (h e a t  f ix e d ) 3 .8
D29 ( fo rm a lin  f ix e d ) 4 .0
G33 4 .4
G 15 4 .0
G39 2 . 2
c o n tro l 5 .8
(n o rm a l)
1 6 6
A P P E N D IX  C ( c o n t in u e d )  




9 107 85 62 31
m g /m l p r o t e in .
F ig .  57 S ta n d a rd  c u r v e  o f  b o v in  se ru m  a lb u m in  as d e te rm in e d  u s in g  
th e  B iu r e t  re a g e n t.
16?
A P P E N D IX  C (c o n tin u e d )
FLU O R E S C E N T  A N T IB O D Y  T R A C IN G
5. A n t ib o d y  t i t r a t io n  o f  p u r i f ie d  g lo b u lin
1. A tw o - fo ld  d i lu t io n  s e r ie s  o f  im m une an d  c o n t r o l a n t is e ra  fro m  
1 in  2 to  1 in  8192 was p re p a re d  u s in g  s a lin e  as th e  d i lu e n t .
2 . A n  e q u a l vo lu m e  o f  a p p ro p r ia te  a n t ig e n  w as a d d e d , m ixe d  and  
in c u b a te d  a t 3 7 °C  f o r  2 h o u rs  a n d  th e n  1 h o u r  a t 4 °C .
d . T u b e s  w e re  e xa m in e d  f o r  a g g lu t in a t io n  u s in g  a 10X h a n d  le r.a
an d  co m p a re d  w ith  c o n t ro l tu b e s  c o n ta in in g  th e  a n t ig e n  d i lu te d  
in  s a l in e .  T h e  e n d -p o in t  was c o n s id e re d  as b e in g  th a t  d i lu t io n  
a t w h ic h  no a g g lu t in a t io n  o f  th e  b a c te r ia  o c c u r re d
Table 13. Antibody litres of purified globulins against various
spirochaete strains.
a n t ig e n  a n t ib o d y  l i t r e
D29 (h e a t  f ix e d ) 1 :512
D29 ( fo rm a lin  f ix e d ) 1:?C48
G33 ( fo rm a lin  f ix e d ) 1:1024
G15 ( fo rm a lin  f ix e d ) 1:4096
G39 ( fo rm a lin  f ix e d ) 1:512
c o n t r o l (n o rm a l se ru m ) 1 :8
A P P E N D I X  C  ( c o n t i n u e d )
F L U O R E S C E N T  A N T IB O D Y  T R A C IN G
6 . C h e c k e rb o a rd  t i t r a t io n  f o r  d e te rm in a t io n  o f  a n t is e ru m  a n d  
f lu o re s c e in  la b e lle d  g o a t-a n t ira b fc  i t  s e ru m  d i lu t io n s  f o r  
im m u n o flu o re s c e n c e
T o  d e te rm in e  th e  o p tim u m  c o n c e n tr a t io n j o f  b o th  th e  a n t is e ru m  a n d  
f lu o re s c e in  is o th io c y a n a te  la b e lle d  g o a t - a n t i r a b b i t  se ru m  ( B o e r h in g e r  
M a n h e im ) a c h e c k e ro o a rd  t i t r a t io n  o f  th e s e  tw o  re a g e n ts  was p e r ­
fo rm e d  as i l lu s t r a te d  in  l i g .  56 T h e  re la t iv e  a m o u n t o f 
f lu o re s c e n c e ,  e s t im a te d  o p t ic a l ly  f o r  each d i lu t io n  is  a lso  in d ic a te d  
in  t h is  f ig u r e .
S ta in in g  p ro c e d u re
1 . O ne d r o p  o f a p p ro p r ia te  a n t ig e n  was p la c e d  in to  c le a r  a rea  o f 
a te f lo n  c o a te d  s lid e  p re p a re d  b y  p la c in g  m o is t f i l t e r  p a p e r  d is c s  
o n to  th e  s lid e  p r io r  to  s p r a y in g  w ith  te f io n  a e ro s o l.
2 . A n t ig e n s  w e re  a i r  d r ie d  a n d  f ix e d  in  c o ld  m e th a n o l f o r  10 m in .
3 . A d r o p  o f  a p p r o p r ia te ly  d i lu te d  im m u n o g lo b u lin  was p la ce d  on 
th e  a n t ig e n  te s t  s p o t.
4 . S lid e  was in c u b a te d  in  a m o is t c h a m b e r a t  3 7 °C  f o r  30  m in . an d  
r in s e d  th re e  tim e s  in  PBS (p H  7 .2 )  f o r  10 m in  in  each w ash
5. D ilu te d  g o a t - a n t ir a b b i t  c o n ju g a te  was a d d e d  to  th e  a p p ro p r ia te  
re a c t io n  a re a , s lid e  in c u b a te d  a t 3 7 °C  in  a m o is t c h a m b e r f o r  
30 m in . an d  w a sh e d  as b e fo re .
6 . S lid e  was m o u n te d  in  g ly c e ro l m o u n tin g  m ed iu m  (9  p a r t  g ly c e ro l
1 p a r t  p h o s p h a te  b u f f f  (p H  8 . 5 ) ,  v ie w e d  an d  s c o re d  f o r
f lu o re s c e n c e .
7. As a r e s u lt  o f  t h is  t i t r a t io n ,  a ll s u b s e q u e n t im m u n o flu o re s c e n c e  
w o rk  was p e r fo rm e d  u s in g  u n d ilu te d  f lu o re s c e in  la b e lle d  
g o a t- a n t i r a b b i t  s e ru m , w h ile  g lo b u l in  s o lu t io n s  G15 an d  D29 
w e re  d , lu te d  1 in  10 p r io r  to  u se , a n d  G33 and  G39 a n t is e ra  
w e re  n o t f u r t h e r  d i lu te d .
A P V E N D IX  C (c o n t in u e d )  
F LU O R E S C E N T  A N T IB O D Y  T R A C IN G
e n tls e ru m  to  02 9  ( fo rm a lin  f ix e d ) :  
d i lu t io n
ne a t 1 :5  1 :10  1 :20  1 :4 0  V  80
flu o re s c e in  n e a t * *  “ * • “  ♦♦ ♦
g o a t -« n t ir a b b i t  1 5  • *  ♦
d i lu t io n  1 :1 0  ‘  * ♦
a n tis e ru m  to  G 33: d i lu t io n  
ne a t 1 :5  1 .1 0  1 :20  1 :4 0  1 80
f lu o re s c e in  n e a t * * *  .  .  .
g o a t -a n t ir a b b i t  1 :5  *♦ * ♦ •
d i lu t io n  ’ . I D *  * •
a n tis e ru m  to  G 15: d i lu t io n  
n e a t 1 :5  1.10 1 .2 0  1 :4 0  1 :80
f lu o re s c e in  n e a t **  • *  * * *  ♦♦ *
g o a t -a n t ir a b b i t  1 :5  • . . . . .
d ilu tio n  1 : 1 0 -  - * •
a n tis e ru m  to  G 39: d i lu t io n
ne a t 1 :5  1 .10  1 :2 0  1 :40  1 80
flu o re s c e in  ne a t • * *
g o a t -a n t ir a b b i t  1 5 *
d i lu t io n  1 :1 0  "
F ig . 58 C h e c k e rb o a rd  t i t r a t io n  o f g lo b u lm  d i lu t io n s  and flu o re s c e in  
g o a t -a n t ir a b b i t  se ru m  d ' lu t io n s .  A b b r e v ia t io n s : no f lu o re s c e n c e ; ♦,
s l ig h t  f lu o re s c e n c e , * * ,  m o d e ra te  f lu o re s c e n c e : s tro n g  flu o re s c e n c e
A P P E N D IX  D ( c o n t in u e d )  
C U L T U R E  M ED IA
1. P re p a ra t io n  o f  p r o - re d u c e d  c u l tu r e  m edia
1. N u t r ie n ts ,  re s a z u r in  (E h  in d ic a to r )  a n d  s a lts  s o lu t io n s  we,*e m ade in  
th e  r e q u ire d  vo lu m e  o f  d is t i l le d  w a te r  a n d  bo^ 'ed  u n t i l  th e  in d ic a to r  
becam e c o lo u r le s s .
2 . T h e  s o lu t io n  was co o le d  u n d e r  a s tre a m  o f  12% o x y g e n - f r e e  c a rb o n  
d io x id e  in  n it r o g e n  ( A f r o x  L t d . ) ,
3 .  A u to c la v a b le  s u g a rs ,  rum e n  f lu id  a n d  th io g ly c o l la te  w e re  a d d e d  an d  
a n a e ro b ic  gas  b u b b le d  th ro u g h  u n t i l  th e  pH  s ta b il iz e d .  T h e  pH w as 
th e n  a d ju s te d  to  6 .5  w ith  1N N aO H ,
4 . T h e  p re re d u c e d  m ed iu m  w as d is p e n s e d  in to  g a s h 'd ,  a i r - t i g h t ,
s c re w -c a p p e d  c o n ta in e rs ,  c o n ta in in g  p re w e ig h e d  a g a r  a t a c o n c e n ­
t r a t io n  o f  1.5%.
5 . M ed ia  w e re  a u to c la v e d  f o r  20 m in  a t 121°C  an d  s to re d  in  th e  d a r k
a t  room  te m p e ra tu re  f o r  a m axim um  o f  th re e  w e e k s .
6 . A n t ib io t ic s  w e re  f i l t e r e d  th ro u g h  a 0 .4 5 u m  f i l t e r  u n i t  ( M i l l ip o r e )  an d
ad d e d  a s e p t ic a lly  to  th e  m o lte n  m edia  in  th e  a n a e ro b ic  c a b in e t .
B o v in e  b lo o d  o r  fo e ta l c a lf  se ru m  (R S A  s ta te  v a c c in e  la b o ra to r ie s )  
w e re  a d d e d  a s e p t ic a lly  to  th e  co o le d  m o lte n  m ed iu m  a t a c o n c e n tra t io n  
o f  10%. A l l  m a n ip u la t io n s  a n d  th e  d is p e n s in g  o f  m edia in to  p e t r id is h e s  
w e re  d o n e  in  th e  a n a e ro b ic  gas  c a b in e t .
2 A n a e ro b ic  d i lu t in g  f lu i d  ( a f t e r  H o ldem an et al,, 1974).
g e la t in  0 . 2 g
d is t i l le d  w a te r  SO.Omt
s a lts  s o lu t io n  5 0 .0 m l
re s a z u r in  0 .4 m l
S a lt  S o lu t io n
C a C I2 ( a n h y d r o u s )  0 .0 5 g
M gS O „ ( a n h y d r o u s )  0 .2 g
K ,H P O . 1 0 g
K H .P O . 1 .0 a
N a H C O , 1 0 .Og
NaCI 2 .0 g
d is t i l le d  w a te r  1 0 0 0 m l
C aC U  an d  M gSO ^ was d is s o lv e d  in  3 0 0 m l o f  d is t i l le d  w a te r .  500 m l o f 
d is t i l le d  w a te r  was a d d e d , and  re m a in in g  s a lts  w e re  a d d e d  an d  d is s o lv e d .  
V o lu m e  was m ade up  to  1000m l w ith  re m a in in g  w a te r .  D i lu t in g  f lu id  was 
p re p a re d  a n a e ro b ic a lly  as d e s c r ib e d  in  A p p e n d ix  0 ( 1 ) .
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3 . P ro d u c t io n  o f  Rum en f lu id
Rum en f lu id  was c o lle c te d  f ro m  th e  lo ca l a b b a to ir  an d  t ra n s p o r te d  to  th e  
la b o r a to r y .  L o lid  c o n te n ts  w e re  re m o ve d  b y  s q u e e z in g  th e  ru m e n  f lu id  
t h r o u g h  tw o  la y e rs  o f  c h e e s e -c lo th  a n d  th e  f i l t r a t e  c o lle c te d  in  b o t t le s  
f lu s h e d  w ith  o x y g e n - f r e e  12% C 0 2 in  n i t r o g e n .  T h e  ru m e n  f lu id  was 
c e n t r i f u g e d  a t  5000g f o r  3C m in . an d  th e  s u p e rn a ta n t  w as d is p e n s e d  in to  
g a sse d  a i r - t i g h t  b o t t le s  an d  s to re d  a t 4 °C .
4 .  M o d if ie d  R G C A M ed iu m  ( a f t e r  H o ldem an et < sJ .,1 9 7 4 .)
g lu c o s e  (S a a rch e m ) 0 .2 5 g
c e llo b io s e  (B O H ) 0 .2 5 g
s o lu b le  s ta rc h  (B D H ) 0 .5 g
( N h » ) ,S O . I .O g
re s a z u r in  (B D H ) 4 .0 m l
d is t i l le d  w a te r 2 0 0 m l
s a lts  s o lu t io n  (A p p e n d ix  D ( 2 ) ) 50 0 m l
ru m e n  f lu id 3 0 0 m l
t h io g ly c o l la te  (B D H ) I.O g
a g a r (B io la b ) 1 5 .Og
basa l (P Y )  b r o th 2 0 0 m l
M edia  was p re p a re d  as d e s c r ib e d  in  A p p e n d ix  D ( 1 ) ,  and  was s u p p le ­
m e n te d  w ith  1 0  c it r a te d  b o v in e  b lo o d .
Basal M ed ium
p e p to n e  (O x o id )  0 .5 g
t r y p t ic a s e  (O x o id )  0 .5 g
y e a s t e x t r a c t  ( D ifc o )  1 .0 g
d is t i l le d  w a te r  1 0 0 m l
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5 . M o d if ie d  E M ed ium  ( a f t e r  H o idem an et al., 197 4 ).
g lu c o s e  (S a a rc h e m ) 0 .5 g
m a lto se  (B D H ) 0. 5g
s o lu b le  s ta rc h  (B D H ) 0 .5 g
peptones (O x o id ) C ,5g
y e a s t e x t r a c t  (D ifc o ) 0 .5 g
( N H . ) ,S O . 0 . 5g
re s a z u r in  s o lu t ic . i  ( B D H ) 4 .0 m l
ru m e n  f lu id 3 0 0 m l
s a lts  s o lu t io n  (A p p e n d ix  D ( ? ) ) 50 0 m l
d is t i l le d  w a te r 2 0 0 m l
th io g iy c o l ia te  (B D H ) l .O g
M edia  was p re p a re d  as d e s c r ib e d  in  A p p e n d ix  0 ( 1 ) ,  
m e n te d  w ith  1 0 % b o v in e  b lo o d .
a n d  wa«
5 . S m ib e rts *  M ed iu m  ( a f te r  S m ib e rt  a n d  C la te rv a u g h ,  1972)
p e p to n e  (O x o id )  
y e a s t  e x t r a c t  ( D ifc o )  
g lu c o s e  (S a a rch e m ) 
s o lu b le  s ta rc h  (B D H ) 
( N H . ) ,S O .  
th io g iy c o l ia te  (B D H ) 
re s a z u r in  (B D H ) 
ru m e n  f lu id  
d is t i l le d  w a te r  
s a lt  s o lu tio n  
a g a r
b o v in e  b lo o d





l . O g
4 0 m l
23 0 m l
2 2 0 m l
50 0 m l
2 0 . Og
1 0 0 m l
S a lt  s o lu tio n
K *H P O .
K H ,P O .
N a H C O ,
NaCI
C o C I2
NaM oO fc
M n S O .
C a C I,
M g S O .
d is t i l le d  w a te r
0 ,0 0 3 4 g
0 .0 0 3 4 g
0 .0 0 3 4 g
1000m*
s u p p le -
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6 . T u r & k s ' M e d iu m  ( T u r e k  an d  M e y e r, 197 7 ).
b ra in  h e a r t  in fu s io n  b r o th  (O x o id ) 1 2 .Og
t r y p t ic a s e  so y  b ro th  (O x o id ) 8 Og
y e a s t e x t r a c t  (D ifc o ) 4 .G g
th io g ly c o l la te  b r o th  (O x o id ) 4 .0 g
th io g ly c o l la te  (B D H ) O .lS g
N a H C O , 0 4@
a g a r  fB io la b ) 2 0 .Og
d is t i l le d  w a te r 'OOOrnt
b o v in e  b lo o d 100m l
ru m e n  f lu id 3 0 0 m l
i L iq u id  G ro w th  M ed ium  (L e m c k e  e£ a f . ,  197 9b ).
t r y p t ic a s e  so y  b ro th  ( O x o id ) 100ml
fo e ta l c a l f  se ru m  (R S A  s ta te  v a c c in e  la b o ra to ry  10m
re s a z u r in  (B D H ) 0 .4 m l
g lu c o s e 0 . 5g
N e H C O , 0 .4 c
c y s te in e -H C I  (B D H ) 0 .0 5 g
G lu co se  a n d  N a H C O , w e re  s te r i l iz e d  s e p a ra te ly  a n d  a d d e d  im m e d ia te ly  
p r io r  to  in o c u la t io n  to g e th e r  w ith  s e ru m . T w o  m t a l iq u o ts  w e re  d is p e n s e d  
in to  150 X  10mm te s t  tu b e s ,  o r  1 5m l a l iq u o ts  in to  100m l m ed ica l f la t  
b o t t le s .  A f te r  in o c u la t io n ,  c u l tu r e  v e sse ls  w e re  in c u b a te d  in  a s la n te d  
p o s i t io n ,  s u c h  as th a t  u sed  in  t is s u e  c u l tu r e .
8 . T r y p to n e  S o y B ro th  (O x o id )  CM129
p a n c re a t ic  d ig e s t  case in  (O x o id  L42) 1 7 .Og
p a p a ic  d ig e s t  o f  so yb e a n  meal (O x o id  L44) 3 .0 g
NaCI 5 .0 g
K .H P Q . 2 .5 g
g lu c o s e Z 59d is t i l le d  w a te r 1000m l
in
A P P E N D IX  E 
D N A  A N A L Y S IS
1 . D N A  e x t ra c t io n  (M e y e r  m d  S c h le i fe r  (1 9 7 5 ))  
s o lu t io n s :
S a lin e -E D T A
0 .1 5 M  NaCI m ade in  0 . iM  E D T A  (B D H )  an d  pH a d ju s te d  to  8 .0 .  
SSC B u f fe r
0 .1 5 M  NaCI in  0 .0 1 5 M  t r is o d iu m  c i t r a te  ( d i lu te  1 in  10 f o r  0 . IX  
SSC)
M e th o d
1. C. 5 - 1 .0 g  o f  w e t p a c k e d  c e lls  w e re  s u s p e n d e d  in  0 . 4 m I o f  s a i in e -E D T A  
s o lu tio n
2 . 6 8 4 9  o f  p ro te in a s e  K (S ig m a ) was a d d e d  to  th e  s u s p e n s io n .
3 . 0 .4 m t  o f  6% (v v /v ) so d iu m  d o d ecylsu lD h-,te  was add e d  and th e  c e lls  
ly s e d  a t 6 0 °C  f o r  lO m in .
4 . U s in g  s a lin e -E D T A  th e  s u s p e n s io n  was m ade up  to  5m % a n d  0 3g  o f 
NaCI w as a d d e d  a n d  d is s o lv e d  ( f in a l  NaCI c o n c e n tra t io n ,  IM ) .
5 . 2 m l o f  4% c e ty lt r im e th v la m m o n iu m  b ro m id e  ( C T A B )  (S ig m a ) in  1M NaCI 
was a d d e d .
6 . N u c le ic  a c id s  w e re  p r e c ip a t ia te d  b y  th e  a d d it io n  o f  2m t o f  is o p ro p a n o l 
( AR  g r a d e ) .
7. 9m£ o f  c h lo ro fo rm - is o a m y l a lco h o l (2 4 :1  v o l / v o l )  was a d d e d  an d  th e  
m ix tu re  s h a k e n  v ig o u r s ly .
8 . A f te r  c o o lin g  to  0 °C , i t  was c e n t r i f u g e d  f o r  30  m in a t  12000g in  a 
B eckm an
9 . T h e  u p p e r  p h a se  c o n ta in in g  th e  n u c le ic  a c id s  was c o lle c te d ,  a n d  
2 m l o f C T A B  was a d d e d .
10. D N A  was p re c ip ita te d  b y  th e  a d d it io n  o f  1 vo lu m e  o f  w a te r  a n d  th e  
p r e c p i ta t e  was c o lle c te d  b y  c e n t r i f u g a t io n  a t 12000g f o r  15 m in .
11. T h e  tu b e s  w e re  d r a in e d ,  and  th e  p a l le t  was s lo w ly  d is s o lv e d  in  2 m l 
o f IM  N a C I.
12. C T A B  was re m o ve d  b y  th e  a d d it io n  o f 1 vo lu m e  o f c h lo ro fo rm  a n d  
c o l’e c t io n  o f th e  u p p e r  (a q u e o u s )  pha se  c o n ta in in g  th e  n u c le ic  a c id s
13. S o d iu m -D N A  s a lts  w e re  p r e c ip ita te d  b y  th e  a d d it io n  o # 0 .6  vo lum e s  
is o p ro p a n o l an d  w e re  c o lle c te d  b y  c e n t r i f u g a t io n  o f  12000g f o r  15 m in .
14. T h e  s u p e rn a ta n t  was d ra in e d  fro m  th e  tu b e ,  a n d  Imfc o f  SSC was 
la y e re d  o n to  th e  p e lle t .
15. O nce  th e  p e l le t  had  becom e t r a n s lu c e n t  (c a . 20 m in ) .  th e  b u f fe r  was 
d ra in e d  fro m  th e  tu b e  an d  th e  D N A  d is s o lv e d  in  1m l o f 0 . I X  SSC.
16. W hen d is s o lv e d ,  1 m£ o f 10X SSC was a d d e d .
\  ' u r
'<1. T h e  c o n c e n tra t io n  o f  D N A  was a d ju s te d  to  a c o n c e n tra t io n  o f  
5 0 y g /m l ( o p t ic a l d e n s ity  o f  0 .8  a t 260nm ) u s in g  SSC s o lu t io n ;  d iv id e d  












APPENDIX E (continued) 
DNA ANALYSIS 
Important DNA coefficients
u g /m t  D N A  = A , , ,  ♦ 0 .0 0 4 8  
P u re  D N A : A , , ,
A  2  i  e
A a n
A g i o
0.021 
= 1 .4
1.8  -  2 .0
3 . G * m o lt  r a t io
77 3 79.6 81.9 34.2 86 .5
T em p era tu re  ( ° C )
F ig .  59 Tm  p r o f i le  o f  D N A  e x t ra c te d  fo rm  is o la te  T 2 .
Tm  -  th e  te m p e ra tu re  co rresp o n d in g  to h a lf th e  increase in  th e
r e la t iv e  a b s o rb a n c e .
G 'C  m o lt = 2 .4 4 (T m -3 9 .4 )
G 'C  mol% = 2 .4 4 ( 8 1 .9 -6 9 .4 )
G ' C  m o l l , :  3 0  5
A P P E N D I X  F
L IP ID  A N A L Y S IS
1. L ip 'd  e x t ra c t io n  ( B h ^ h  a n d  D y e r ,  1959)
1. L y o p n il is e d  c e lls  w e re  re s u s p e n d e d  in  1 .5 m l d is t i l le d  w a te r ,  an d  
3 .7 5 m l m e th a n o l an d  1 .8 7 m i c h lo ro fo rm  w e re  a d d e d  in  se q u e n ce .
2 . S u s p e n s io n  was b le n d e d  o .i a v o r te x  m ix e r ,  e x t ra c te d  a t 4 ° 
o v e r n ig h t  a n d  c e n t r i fu g e d  a t 2 0 0 0 g on a S o rv a i b e n ch  c e n t r i f u g e  
f o r  15m in .
3 . S u p e rn a ta n t  l iq u id s  w e re  c o lle c te d ,  c e ll p e l le t  r e -e x t r a c te d  
b r ie f ly  w i th  7 m l o f  c h lo ro fo rm -m e th a n o l-w a te r  ( 2 :1 :0 . 8  
v o l / v o i / v o l )  a n d  s u p e rn a ta n t  co m b in e d  w ith  f i r s t  e x t r a c t .
4 . A  b ip h a s ic  sys te m  was fo rm e d  b> a d d it io n  o f  5 .6 m l o f 
c h lo ro fo rm ,  1m l o f  7.5% ( w t / v o l )  KC I a n d  4 .6 m l o f d is t i l le d  w a te r  
to  th e  e x t r a c t .
5 . Phases w e re  s e p a ra te d  b y  c e n t r i fu g a t io n  (2U00g f o r  10 m in . ) ,  
c h lo ro fo rm  p h a se  re m o v e d , e v a p o ra te d  to  d r y n e s s ,  a n d  d r ie d  
to  c o n s ta n t  w e ig h t  o v e r  s il ic a  g e l in  a d e s ic c a to r  f lu s h e d  w ith  
n i t r o g e n .
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2 . L .p id  f ra c t io n a t io n
1. D E AE c e llu lo s e  (S ig m a ) was w a sh e d  w i th :  a ) 3 vo lu m e s  o f  IN  
HC I a n d  a c id  re m o ve d  b y  w a s h in g  w ith  d is t i l le d  w a te r ;  b )  3 
vo lu m e s  o f  0 , 1 N KO H an d  e xce ss  base  re m o ve d  w ith  d is t i l le d  
w a te r .  W a sh in g  c y c le  w as re p e a te d  tw ic e .
2 . D E AE w as c o n v e r te d  to  th e  a ce ta te  fo rm  b y  p a s s in g  3 b e d  v o l­
um es o f  g la c ir '  a c e tic  a c id  th ro u g h  th e  b e d , a n d  re m o v in g  excess  
a c id  b y  w a s h in g  w ith  3 bed  vo lu m e s  o f  m e th a n o l.
3 .  P a c k in g  was a i r  d r ie d ,  an d  th e n  d r ie d  to  a c o n s ta n t  w e ig h t  in
a d e s ic c a to r ,  o v e r  s il ic a  ge l
4 .  A  1 cm c h ro m a to g ra p h y  tu b e  was p a c k e d  to  a h e ig h t  o f 10 cm
w ith  1 .2 g  o f  DEAE c e llu lo s e  (a c e ta te  form) w a shed  w ith  6
be d  vo lu m e s  o f  m e th a n o l,  3 b e d  vo lu m e s  o f  c h lo ro fo rm -m e th a n o l 
(1 :1  v o l / v o l )  a n d  3 b e d  vo lu m e s  o f  c h lo ro fo rm .
5 . L ip id s  w e re  e lu te d  a c c o rd in g  to  th e  schem e p re s e n te d  in  T a b le
Teble 14 Elution scheme used f o r  se p a ra tio n  total spirocheete lipids into lipid classes (modified from 
Rouser «t , 1969)
e lu t io n  s o lv e n t e lu tio n  l ip id s  e lu te d '4 l ip id  c lass  fr a c t io n
volum es
c h lo ro fo rm
c h lo ro fo rm -m e th » i t l  
ch lo ro fo rm -m e th a n o l 
c h lo ro fo rm -m e th a n o l
m e th an o l
6
[9 .1  v o l /v o l )  6
(7 .3  v o l /v o l )  4
0  1 v o l /v o l )  6
s .e ro ls
M GDG, D G D G , IP C ,  LC 
S p h . PE 
LPE, CPE
n e u tra l l ip id s  1
n o n -a c id ic ,  p o la r  2
n o n -e c id ic ,  p o la r  2
non - a c id ic , p o la r  2
c h lo ro fo rm -g la c ia l ace tic  a c id  6 F F A . p ig m e n ts
3 :1  v o l /v o l )
g la c ia l a ce tic  ac id  6 PS
m tth a n o i 4
c h lo ro fo rm -m e th a n o l (4  1 v o t /v e l)  6 PA , P I. P G . DPG
• 10mM o o ta ss iu m  ace ta te  
• 20m t / l  ammonia
o n ly  se le c ted  l ip id s  re c o rd e d , o th e rs  not p resen t m trep on em as a re  a lso  e lu te d  ( R o u s ie r  aJ , 1969).
A b b re v ia tio n s  DGDG. d ig ly c o s y l d ig ly c e n d e s . DPG. d ip )  a s p h a t id y l ^ ly c e ro l ( e i r d io h p m ) : F F A , fre e  fa t ty  
a c id s ; LP C . ly s o p h o s p h a t.d y lc h o h n e ; LPE, lysophosphatidylethenolamme, MGDG. m un o g lyco sy l d ig ly c e r id e ; 
OPE, o x id a tio n  p ro d u c ts  o f p h o s p h a tid y lr th a n c ila m m e . PA . phosphatidic a c id ; PC, p h o s p h a t id y lc h o lin e ; 
PE, p h o s p h a tid y  le th a n c la m m e ; F G , phosphatidylglycero:, PI, p h o s p h a t id y lm o s ito l: i)S. p h o s p h a t id y l
s e r in e , S p h , sp h in g o m ye lin
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6 . C o n ta m in a t in g  s a lts  in  f ra c t io n  4 w e ro  re m o ve d  b y  p a s s in g  th is  
f ra c t io n  th ro u g h  a s e n 1- ie x  c o lu m n , p re p a re d  b y  m ix in g  1 0 . Og 
o f  S e p h a d e x  G -2 5  j r s e  (P h a rm a c ia )  w ith  50m t o f 
m e th a n o l-w a te r  ( 1 : 1  vo ; ) ,  d e g a s s in g  u n d e r  re d u c e d  p re s s u re  
f o r  3 h o u rs ,  an d  p a c k in r  a co lu m n  (1cm  x 10cm) w ith  t i e  g e l 
s lu r r y .  C o lum n  w as w ^ . .d w ith  50 m l o f  c h lo ro fo rm -m e th a n o l 
(1 9 :1  v o l / v o l )  fo llo w e d  b y  5 0 m l o f  m e th a n o l-w a te r  (1 1 v o l / v o t ) .
7 . L ip id  sam ple  was a p p lie d  in  c h lo ro fo rm -m e th a n o l (1 9 :1  v o l / v o l )  
s a tu ra te d  w i th  w a te r  ( c .  5 m l o f  w a te r  / I  o f  s o lv e n t )  an d  e lu te d  
w ith  same s o lv e n t .
8 . C o lum n  was w a sh e d  w ith  m e th a n o l-w a te r  (1 :1  v o l / v o l )  p r io r  to  
re -u s e .
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A P P E N D I X  F  ( c o n t i n u e d )
L IP ID  A N A L Y S IS  
P h o sp h a te  d e te rm in a t io n  ( K i r c h n e r ,  J .G .  1978, pp 6 4 7 )
R e a g e n ts
70% p e r c h lo r ic  a c id  (B D H 1
1 2 % p e r c h lo r ic  a c id
2,5% am m onium  m c lv b d a te  (M e rc k )
10% a s c o rb ic  ic id  (S a irc h e m )
F re s h ly  p re p a re d  p h o s p h a te  s ta n d a rd s  c o n ta in in g  0 ,1 -1 ,C n g  
p h o s p h a te  as N a^P O *
M eth o d
1. S p o ts  on  T L C  p la te s  w e re  rem o ved  w ith  a b la d e , p la c e d  in  a te s t  
tu b e  an d  0 .5 m i o f  70% p e r c h lo r ic  a c id  was a d d e d  to  th e  s il ic a -g e l 
sp o ts  in  a te s t  tu b e ,  an d  e v a p o ra te d  to  d r y n e s s .
2 . R e s id u e  was m ix e d  v i i th  2 .5 m t o f  12% p e r c h lo r ic  a c id  a n d  h e a te d  
in  b o i l in g  w a te r  b a th  f o r  1 0  m in .
3 . 0 .3  m i o f am m onium  n o ly b d a te  a n d  0 .3  m l o f  a s c o rb ic  a c id  was 
a d d e d , tu b e s  s h a k e n  a n d  in c u b a te d  a t  3 7 °C  f o r  2 h o u rs .
4 . S ilic a  g e l d e p o s ite  re m o ve d  b y  c e n t ifu g a t io n  a n d  a b s o rb a n c e  o f 





0.4  0 .6
yg  p h o s p h a te
F|S 60 O p t'c a l d e f.s ity  ( A , , ,  fo r  v in o u s  c o n c e n tra t io n s  o f p 'tosp he tw , 
aetgrm m ed u tm g  th e  m e th od  of K ir c h n e r
1PJ
A P P E N D IX  F ( c o n t in u e d )
L IP ID  A N A L Y S IS
3 . D e te c t io n  o f  l ip id s  on T L C  p la te s
F e r r ic  c h lo r id e - S u l fo s a lic y l ic  acid f o r  p h o s p h o lip id s  ( K i r c h n e r ,  1978) 
R e a g e n t:
s u l fo s a iic y l ic  a c id  7 .0 g
F t = l , 6 H ,0  O . lg
d is t i l le d  w a te r  2 5 m l
e th a n o l 75m l
R e a g e n ts  w e re  d is s o lv e d  in  w a te r  p r io r  to  th e  a d d it io n  o f  th e  a lc o h o l.
T e s t .
W hen s p ra y e d  o n to  T L C  p la te s ,  p h o s o h a te  g ro u p s  in  l ip id s  sh o w  up  
im m e d ia te ly  as w h ite  s p o ts  on a p u r p le  b a c k g ro u n d .
D ip h e n y la m in e  re a g e n t  f o r  g ly c o lip id s  
R e agen t :
10% d ip h e n y la m in e  (M e r k )  in  e th a n o l 2 0m l 
cone MCI 100m l
g la c ia l a c e t ic  a c id  8 0 m l
T e s t
P la te  was s p ra y e d  l i g h t ly  w ith  re a g e n t,  c o v e re d  w ith  a n o th e r  c la an  
g la s s  p la te  an d  h e a te d  f o r  3 0 -4 0  m in . a t 110°C . G ly c o lip id s  fo rm e d  
b lu e  s p o ts
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A P P E N D IX  F ( c o n t in u e d )  
L IP ID  A N A L Y S IS
5 . G ly c o l ip id  a n a ly s is  (C la m p , 197 7 ).
1. G ly c o s id e s  w e re  m e th y la te d  a y  th e  a d d it io n  o f  G .5 m t o f  2N 
m e th a n o lic -H C I to  each sam ple  a n d  h e a tin g  u n d e r  n it r o g e n  a t 
8 5 °C  f o r  5 h o u rs .  (T h e  m e th a n o lic -H C I p re p a re d  b y  b u b b lin g  
HOI gas  g e n e ra te d  fro m  a m ix tu re  o f  C a C I2 a n d  c o n c e n tra te d  
H 2 S O „ in to  A R  g ra d e  m e th a n o l;  m o la r ity  d e te rm in e d  b y  t i t r a t io n  
w ith  2N N a O H ).
2 . A g jC O ,  (B D H )  w as u se d  to  n e u tr a l iz e  th e  s o lu t io n ,  an d  0 .1 m l 
o f  a c e t ic  a n h y d r id e  (B D H ) was a d d e d  a n d  le f t  o v e r n ig h t .
3 . A f t e r  c e n t r i f u g a t io n  an d  t i t u r a t io n  o f  se d im e n t w ith  0 .5 m l o f
m e th a n o l,  c o m b in e d  s u p e rn a ta n t  f ra c t io n s  w e re  e v a p o ra te d  to  
d r y n e s s .
4 . L ip id s  w e re  re m o ve d  b y  a d d it io n  o f  n -h e x a n e  (B D H ) to  th e  d r ie d  
sam p le  s h a k in g  f o r  5 m in . ,  c e n t r i f u g in g  an d  d is c a rd in g  th e
s u p e rn a ta n t .  R e s id u e  was d r ie d  a n d  s to re d  in  a d e s ic c a to r  o v e r
s i l ic a -g e l u n t i l  r e q u ire d .
5 . Sam ples w e re  d e r iv a t iz e d  b y  th e  a d d it io n  o f  0 .0 5 m l o f
t r fm e th y ls ily J im id a z o le  (T S M U  (S u p e lc o  In c )  in  p y r id in e  (B D H ) 
( 1 :2  v o l / v o l )  f o r  30 m in . a n d  c h ro m a to g ra p h e d .
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